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@ A hepatitis B vaccine containing a peptide with an amino acid chain of at least six consecutive amino acids 
within the pre-S gene coded region of the envelope of hepatitis B vims. The vaccine being free of an amino acid 
sequence con^esponding to the naturally occurring envelope proteins of hepatitis 8 vims and a physiologically 
acceptable diluent. The peptide being free or linked to a carrier. The carrier being a conventional canier or a 
novel carrier Including a lipid vesicle stabilized by cross-linking and having covalentiy bonded active sites on the 
outer surface thereon. Such novel carrier being useful not only to link the novel peptide containing an amino acid 
chain with amino acids within the pre-S gene coded region of the surface antigen of hepatitis B vims, but can 
also be used to bind synthetic peptide analogues of other viral proteins, as well as bacterial, allergen and 
parasitic proteins of man and animals. The peptides of the invention can be utilized in diagnostics for the 
detection of antigens and antibodies. 
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BACKGROUND OF THE INVENTION 
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pre-S(l) 

« * =«!nr, flcids (AA^ A translation initiation site at Met 1 

the prefix "pre-S" and amino f^^^^^J^^ the S region spans amino acds 175 

designated by the prefix "S". '^.^^^^^.f^^ "S regl only" representation. 

to 400 as compared to ammo acids 1 to '"^^the i. regio y guions p^-S 1 to ammo 

m the above schematic, the pre-S reg.on s '^^^'^^.^l.^^'lZenc^^^^^ s 1 (amino acid 175 of 
acid sequence posmon J.^^^^^,^ tST7; tfs^^^^^^ 

the open reading frame and '^^^^^^^ this 226 amino acid sequence. 

reading frame). The s-gene P^^"'=t,.(^,P^°*^^^^^^^^ have not yet been unamb-guously 

The ep.tope{s) essential for ehctng ^"'f^"^*'^^^^^^ 
defined. K has been reported t^^^V^J 9,7^^^^,"^^^^^^ KiloSalton constituent proteins (P22 and 

on each of the two major ^PP^^^f ^..^Vfu^rrnti (HBsAg). See J.W.-K. Shih. J «- Qenn. J. 
P26) of the virus envelope and oy^'eA^C tL Qerin J- Immunol.. 120. 520. (1978): S. Mish.ro. M 
Immunol.. 115. 634. (1975); '^f^^^^Jz^^^^^^^^^^^ m 1589. (1980): and 

fjLlS^'k^^^^^^^^^ - Co-eV.™-. i - 

^^^^^Lse proteins have iden«ca, amino acid ^^^^^^^ 

al. supra), but the larger protein also "'^^^^^^^ to HBsAg (anti-HBs) 

^IZiSZ ^P^a^s rthr te^^et Lu..d in only partial protean against HBV 

'"-^beTrp^nS^^ 

-e 55 add.ona. amino acids atthe am.no- 
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terrninal part which are coded by the pre-S region of the env gene(s) of HBV DNA. See W. Stibbe W H 
^^^S:'K?^U^v''f\?'f2L'^-^ P-L- Marion. W.S. Robinson. Virology. 130. 76. (1983):' 

K >^^h" t — ■ """^ ^ K'-shimoto. frOhFJUmirH. Miyamoto. 

K. Baba. K. Oda, T. Nakamura. Y. Miyakawa. M. IVIayumi. Gastroenterology . 85, 268. (1983). IWachida et al 
s descnbe an ammo acid sequence composition as a receptor tor polymerized serum albumin 

Heretofore, amino acid sequences coded for by the pre-S region of tfie hepatitis B virus DNA were 
virtually completely ignored for purposes of producing synthetic vaccines. The hepatitis B vaccine currently 
in use in the United States lacks the pre-S gene coded sequences (and therefore does not elicit antibodies 
to such sequences) and thus elicits an immune response to the HBV envelope which is incomplete as 
TO compared with that occurring during recovery from natural infection. 

The generation of antibodies to proteins by immunizatian with short peptides having the amino acid 
sequence corresponding to the sequence of preselected protein fragments appears to be a frequent event 
(N.ma. H.L. Houghten. R.A.. Walker. L.E.. Reisfeld. , R.A.. Wilson. I.A.. Hogle. J.M. and Lemer. R.A 
Generation Of . Protein-Reactive Antibodies By Short Peptides Is An Event Of High Frequency: Implications 
Tn' IJ!o^i!^^*"'*' ^^"^ '"""""^ Recognition". Proceedings of the National Academy of Sciences USA, 
80. 4949-4953, (1983)). Nevertheless, the. generation of antibodiiii;w^idrri5rgSi5reT,itivTp?5tirn^ 
depend on the appropriate conformation of the synthetic peptide immunogen and on other factors not yet 
understood See Pfaff. E.. Mussgay. M.. Bohm, H.O.. Schulz. G.E. and Schaller. H., "Antibodies Against A 
Preselected Peptide Recognize And Neutralize Foot And Mouth Disease Virus". The EMBO Journal 7 869- 
f M^^^f^'^^To' S-^ "- Strick. N., "Specificity Of AntibodiiTEiidtid ITXs'yn'thetic 

Peptide Having A Sequence In Gommon With A Fragment Of A Virus Protein, The Hepatitis B Surface 
Antigen. Proceedings Of The National Academy Of Sciences USA. 79. 7871-7875. (1982); lonescu-Matiu 
I.. Kennedy. R.C.. Span-ow. J.T.. Cuiwell, A.R.. Sanchez. Y.. MMkTj.L and Dreesman, Q.R.. "Epitopes 

« fofo ™.^"L'L^^"*^*"' ^^^^^^ ^ P^Pti^®"- The Journal Of Immunology. 130. 1947- 

25 952, 983); ^d Kennedy. R.C.. Dreesman. G.R.. Sparrow. J.T.. Cu-i^irAiRTSi nchez. Y.. lon escu-Matiu. 
L. Hollinger. F.B. and Melnick. J.L (1983); "Inhibition Of A Common Human Anti-Hepatitis B Surface- 
Antigen Idiotype By A Cyclic Synthetic Peptide," Journal of Virology . 46. 653-655. (1983). For this reason 
immunizaton with synthetic ■ peptide analogues ■5n?i?io-irs-;nHii-pr-5feins has only rarely resulted in 
production of virus-neutralizing antisera comparable to those elicited by the viruses (virus proteins) 
30 themselves Pfaff et al.. 1982. supra). Thus, the preparation of synthetic immunogens optimally mknicking 
antigenic detemninants on intact viruses remains a challenge. .. 

Replacement of commonly used protein caniers. namely keyhole limpet hemocyanin (KLH). albumin 
etc by synthetic carriers, represents part of such challenge. Although recent reports Indicate that free 
synthetic peptides can be immunogenic. (Dreesman. G.R.. Sanchez. Y.. lonescu-Matiu, I.. Sparrow J T Six 
35 H.R., Peterson. D.L. Hollinger. F.B. and Melnick. J.L. "Antibody To Hepatitis B peptides can 'be' im- 
munogenic (Dreesman. G.R.. Sanchez. Y.. lonescu-Matiu. I., Sparrow, J.T.. Six, H.R.. Peterson. D.L. 
Hollinger. F^B. and Melnick. J.L, "Antibody To Hepatitis B Surface Antigen After A Single inoculation Of 
Uncoupted Synthetic HBsAg Peptides" Nature. 295. 158-160. (1982). and Schmltz. H E.. Atassi. H.. and 
Atassi. IVI Z., Production Of Monoclonal Antibodies To Surface Regions That Are Non-lmmunogenic In A 
Protein Using Free Synthetic Pepti'de As Immunogens: Demonstration With Sperm-whale Myoglobin" 
Immunological Communications. 12. 161-175. (1983)). even in these cases the antibody response wa^ 
enhanced by linking of the peptides to a protein carrier (Sanchez. Y.. lonescu-Matiu. I.. Sparrow JT 
Melnick. J.L. Dreesman. G.R.. "Immunogenicity Of Conjugates And Micelles Of Syntiietic Hepatitis B 
Surface Antigen Peptides". Intervirology . 18. 209-213. (1982)). 

For comnnonly used protein carriers Ihere is a sti-ong immune response to tiie carrier, as well as the 
synthetic peptide. Thus.it would be advantageous to evoke an anti-HBs response witti peptides by use of 
non-protein earners, which tfnemselves do not evoke an antibody response. 

The possible use of several distinct vaccines In prophylaxis would be facilitated by the availability of 
fully synthetic immunogens. wmy ui 
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DEFINITIONS 

.^^.^ Anjd code words (as appearing in Fig. 2) 

D Asp aspartic acid 

N Asn asparagine 

rp Thr threonine 

S Ser serine 

E Glu glutamic acid 

Q Gin glutamine 

P Pro proline 

G Gly glycine 

A Ala alanine 

C Cys cysteine 

V Val valine 

M Met methionine 

J lie isoleucine 

L Leu leucine 

Y Tyr tyrosine 

F Phe phenylalanine 

Trp tryptophane 

K Lys lysine 

H His . histidine 

R Arg arginine 

jjgv hepatitis B virus 

HBsAq hepatitis B surface antigen. 

60 DNA deoxyribonucleic acid 
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20 



antibodies. The failure of some hepatitis B vaccines to elicH such antibodies may be of considerable 
biological significance, as indicated by poor immunoprophylactic effects elicited by such vaccines in some 
populations, despite a detectable immune response to the S-protein. 

Applicants have discovered that amino acid sequences coded for by the pre-S region of the env gene 
of hepatitis B virus (HBV) DNA carry dominant antigenic determinants common to intact and denaSred 
HBsAg. Applicants have found that immune-dominant disulfide bond-independent epitopes recognized by 
human antibodies to hepatitis B virus (HBV) exist within proteins containing amino acid sequences coded 
by the pre-S region of HBV DNA. and more particularly within proteins containing an N-terminal portion 
(coded for the pre-S region of HBV DNA) having an N-terminal methionine at amino acid sequence position 
pre-S 120. Applicants further discovered that peptides corresponding to amino acid sequences in the pre-S 
region, and more particularly in the aforementioned region starting at amino acid 120 of the env gene open 

l!ioJ"h- l^T' ""^ (P36). are highly immunogenic, and 

elictt high levels of group-specific antibodies against HBsAg and HBV. The immunogenicity of such 
pepljdes IS enhanced by covalent linking to novel lipid vesicle (liposome) carriers also discovered bv 

15 applicants. ' 

■ Glutaraldehyde-fixed liposomes were found by applicants to be preferred carriers for the peptides of the 
invenbon for inducing anti-HBs. 

The present invention thus concerns a hepatitis B peptide immunogen including a peptide containing an 
amino acid chain corresponding to at least six consecutive amino acids within the pre-S gene coded region 
of the envelope of HBV. The hepatitis B peptide immunogen being free of an amino acid chain 
corresponding to the naturally occun-ing envelope proteins of hepatitis B vims. 

The naturally occun-ing envelope proteins of hepatitis B vims include the following- 
• (1) a full length translational product of the env gene of HBV. i.e.. for adwz and adr pre-S(1-174) + S- 
^1^^^^^^° ^"""^ ^"y'* ^""^ pre-S(12-174) ■•■ 8(1-226) = 389 amino acids (env 

(2) pre-S{120-174) + 8(175-400) = 281 amino acids (env 120-400) = terminal 55 amino acids in the 
pre-S region + 226 amino acids comprising the entire S region (the corresponding proteins approxi- 
mately 33 and 36 kD in size (P33 and P36). and differing from each other in the extent of glycosylation); 

'° S fln^fVn ^ ® '^9'°" <«"^ 175-400); representing the approximately 

22 and 26 kD major consttuents of the HBV envelope (P22 and P26) in their non-glycosylated and 
glycosylated forms (the "S-protein"). ^ y / auu 

In an embodiment of the hepatitis B peptide immunogen of the present invention, the corresponding 
chain of ammo acids lies between the sequence positions pre-S 120 and pre-S 174. In another embodiment 
of IJie invention, the chain of amino acids is between sequence positions pre-S 1 and pre-S 120. In a further 
embodiment of the invention, the conresponding chain of amino acids includes the methionine amino acid at 
sequence position pre-S 120. In still another embodiment, the chain of amino acids is an amino acid chain 
containing at least 26 amino acids in the pre-S region. Still further, the chain of amino acids containing at 
least 26 ammo acids can correspond to a chain of at least 26 consecutive amino acids disposed between 
sequence position pre-S 120 and sequence position pre-S 174. Generally the peptide has no more than 280 
ammo acids, preferably no- more than 225 amino acids, more preferably no more than 174 amino acids 
even more preferably no more than 100 amino acids, and still more preferably, no more than 50 amino 
acids^ The vaccme of the present invention can be composed solely of a peptide, or preferably of a peptide 
joined to a carrier^Such canier can be a conventional can-ier. or a novel carrier according to the present 
45 invention as described hereinbelow. a uio Mioaom 

serum priS'*'^ ^ '^^""'^^ immunogen of the present invention is free of any semm proteins. e.g.. blood 

The present invention also concerns a hepatitis B vaccine including a peptide containing an amino acid 
chain corresponding to at least six consecutive amino acids within the pre-S gene coded region of the 
envelope of HBV. and a physiologically acceptable diluent, e.g.. phosphate buffered saline. The hepatitis B 
peptide vaaine bemg free of an amino acid chain corresponding to the naturally occurring envelope 
proteins of hepatitis B vims. » f » 

The present invention is also directed to a novel carrier for peptides. In a particularly preferred 
embodiment of the present invention, the hepatitis B vaccine containing an amino acid chain corresponding 
to a chain Of ammo acids m the pre-S region Is linked to a carrier via active sites on the carrier. Still more 

nrZ Tt """^^ ^ '^ '^ "^''"^ ""^'^ preferred, the lipid vesicle carrier is stabilized by 

cross"iinKinQ, 

The carrier of the present invention includes a lipid vesicle stabilized by cross-linking and having 
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comprises: _ substrate coated with a non-labelled peptide containing an amino 

occupier, e.g.. albumin. . . . ^ 

Another process for dotec^^^ a non-iabelled peptide containing an amino 

a) contacting the sample J"^^^^^^ ^cids within the pre-S gene coded region of 

- acid Chain corresponding to at te^^^^^ corresponding to the naturally 

" SrconLcting a second portion of the composition containing antibody wfth the same amount of the 

to second portion, then the sample ^ « *^ ^ immunoassays and 

co.::»T^m'=;:. Z.'Z r lirr^s an^-n"^ « samp, compare 

••rji' l"^?s*°itSo,asa, sesames .or use in connacton w«h « '^ITrS 

"-^^r^r^'arr ^;r,:TsrorSar^^^^^ .epa«s a s^ 
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comprising 

a) antibodies to a peptide containing an amino acid cliain con^esponding to at least six consecutive 
amino acids within the pre-S gene coded region of the envelope of HBV. the peptide being free of. an 
amino add chain con-esponding to the naturally occurring envelope proteins of hepatitis B vinjs. attached 
to a solid support, 

c) labelled antibodies to the peptide or to hepatitis 8 virus. 

The kit can comprise a set of instructions for effecting an immunoassay wherein the effect of formation 
of an immune complex is revealed by said labelled antibody. 

The present invention also concems a diagnostic kit for detecting the presence of antibodies to pre-S 
gene coded antigens of hepatitis B virus in a test sample comprising 

a) a given amount of a peptide containing an amino acid chain corresponding to at least six consecutive 
amino acids within the pre-S gene coded region of the envelope of HBV. the peptide being free of an 
amino acid chain conresponding to the naturally occurring envelope proteins of hepatitis B virus. The 
petide is attached to a solid support, e.g.. a water insoluble solid support. 

b) labelled antibodies, e.g.. radiolabeled or enzyme labelled, to human IgG and/or IgM. 

The kit can comprise a set of instructions for effecting an Immunoassay, wherein the extent of formation 
of an immune complex is revealed by said labelled antibodies. 

In a particular aspect, the present invention concems a process for the detection of antigens coded for- 
the pre-S gene in sera of HBV infected humans and certain animals, for example, chimpanzees, comprising 
the following steps: - 

(a) coating a solid substrate with antibodies to a peptide having an amino acid chain con-esponding to at 
least six consecutive amino acids within the pre-S gene of HBV DNA. the peptide being free of an arriino 
acid sequence corresponding to the naturally occumng envelope proteins of HBV. 

(b) washing the coated substrate; 

(c) contacting the washed coated substrate, e.g., polystyrene beads: with a protein-containing solution; 

(d) washing the substrate from step c; - . 

(e) incubating the substrate from step d with a sample suspected to contain HBV or HBsAg; 

(f) washing the substrate from step e; 

(g) adding radiolabeled or enzyme-labeled antibody, the antibody being an antibody to the peptide or 
HBsAg; 

(h) incubating the substrate from step g; 

(i) washing the substrate from step h; and ; . . 

0) subjecting the substrate of step I to counting in a gamma counter, or measuring its enzymatic activity. 

The above process can be conducted using ELISA techniques rather than RIA detection techniques.. 

In a particular embodiment, the present invention also relates to a process for the detection of 
antibodies to proteins coded for by the pre-S region of hepatitis B vims DNA. comprising the following 
steps: 

(a) adsorbing on a solid substrate containing binding sites tiiereon. e.g., polystyrene beads, a peptide 
having an amino acid sequence corresponding to at least six consecutive amino acids witfiin the pre-S 
gene coded region of the HBV envelope, the peptide being free of an amino acid sequence correspond- 
ing to the naturally occurring envelope proteins of hepatitis B virus, 

(b) contacting the substrate from step a witii a material to saturate the binding sites thereon. 

(c) washing the substrate from step b. : 

(d) contacting the substrate from step c with a specimen comprising human sera. 

(e) incubating the resultant mass of step d, 

(f) washing the resultant mass of step e, 

(g) adding radiolabeled antibodies to human IgG or IgM to ttie resultant mass of step f to fonn a second 
resultant mass. 

(h) subjecting tiie second resultant mass of step g to counting in a gamma counter, 

(i) subjecting normal sera utilized as a control to steps (a) to (h) and 
(i) comparing the counts of steps h and i. 

In the above process for tiie detection of antibodies. ELISA techniques can be substituted for RIA 
techniques. 

The present Invention also relates to a process for predicting the outcome of hepatitis B infection which 
comprises canning out an immunoassay on serum of a human to detect the presence of an antibody to an 
antigen coded for by tiie pre-S gene coded region of the envelope of hepatitis B virus employing tiie above- 
described hepatitis B peptide immunogen at regular intervals and evaluating tiie data 

The present invention further relates to a process for determining if a human who has been vaccinated 
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ZXi^'^Tlt^e.^^^^ Ib^ies to the hepatitis B peptide immunogen and companng the value 
Jsem tfniion also related to a process for raising antibcKlies whioh involves introducir,g into an 

which includes the steps of - ^ „ 

20 a linking a first amino acid containing an alpha-amino protecting group to a resin, 

b. removal of the alpha-amino protecting group; .h^. fir=t amino acid- 

c couDlIng a second amino acid containing an alpha-amino protecting group to the first amino ^cid. 
d SZing s eps b and c by coupling further alpha-protected amino acids to produce a desired peptide. 
, . wherJn Xst one of the amino acids is His and wherein at least one of said ammo acds is Trp^ 
2s Tdeaving the peptide from the. resin and removing remaining protective groups to said first ammo 

f. substituting a His(lnnDNP) for the His; 
a substituting a Trp(lnFormyl) for the Trp; 

h ^mSng the DNI= prior to the cleavage and the removing of protective groups, and 

infected with hepatitis B comprising administering to such patient, e.g.. a human, an effective dosage of a 
vaccine as described hereinabove 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

nn 1 ^hows the results of submitting reduced HBsAg disassociated into its constituent polypeptides to 
SDS-S. a Sii S efiphoresis'("SDS-PAGE..) in urea. Panel a ^^-^P^^^^^^^ ^^^^^ 

H»t!,.tefi hv a silver stain and panel b is a Western blot with human antiserum to hepatitis B. , 

1^2 shows^^^^^^^ ^ the translational products of the pre-S 9-e -gio" d^^^^^^^^^^ ^Te 

seaue?ces ornev DNA. The sequences are presented in one-letter amino acid code words (such code 
woTS defined in the Definitions herein). Sequences for five distinct HBV subtypes are presented. The 
6th bottom line shows amino acid residues common to all five subtypes. 

rTs shows a profile of relative hydrophilicity corresponding to the amino acid sequence of the pre-S 
gene ?mdurProfiles for subtypes other than ayw are similar. The portion of the profile to the nght from 
methionine 175 represents the S-gene translation product. x,^^ e 

RQ 4 shows L sets of bar graphs for mean antibody responses of rabbits immunized wrth free pre-S 
idoVJb fRQ 4A) and with the same peptide linked to cross-linked liposomes containing L-tyrosine- 
K iln J^L^te orouDS (Rg. 4B). Anti-HBs (antibodies to HBsAg). cross-hatched columns; 

S-U^^^^^^^^^ Similar rLlts to Rg. 48 were obtained with liposomes 

Sidng a^T groul;. except tJIat responses after six weeks were lower. Columns corresponding to tme - 0 

l^esSonds to^S^^ dilution at which the cpm were ^ 2.1 higher than those con-esponding to the 

same dilution of the pre-immune serum. 
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Fig. 6 shows the reaction of anti-pre-S 120-145 with P33 and P36 in a Western blot (similar to Rg. 1). 

Rg. 7 shows a graph depicting a diagnostic test for hepatitis B antigens laased on polystyrene beads 
coated with anti-pre-S 120-145. 

Rg. 8 depicts a plot representing the compilation of antibody responses of individual rabbits to 
5 conjugates of S135-155 <amlno acids 309 to 329 of the open reading frame of the HBV env gene) The type 
of conjugates is Indicated by numbers defined in Table l. Antibodies in sera obtained two weeks after the 
third immunization were assayed using a SI 35-1 55- beta-galactosidase conjugate and Pansorbin (Neurath 
et al.. 1982. supra ). Their relative titer is given in comparison with antibody levels induced by a 8135-155- 
KLH conjugate. Results of anti-HBs assays by RIA (AUSRIA test. Abbott Laboratories. North Chicago 
10 Illinois) are given In international mllliunits (mlU/ml; Neurath et al.. 1982 supra). The line corresponds to the 
calculated linear regression that best fits the set of all data concerning Tibbits with an anti-HBs response 
The calculated correlation coefficient (= 0.55) indicates a poor correlation between anti-HBs and anti-Si 35- 
1 55 responses. 

Rg. 9 shows four sets of bar graphs (Rg. 9A. Rg. 9B. Rg. 9C and Rg. 9D) depicting examples of time 
IS courses of antibody responses in rabbits immunized with distinct S135-155-conjugates (indicated by 
numbers in each panel and defined in Table. !). Rg. 9A corresponds to conjugate No. 5- Rg 9B 
corresponds to conjugage No. 11; Rg. 9C con-esponds to conjugage No. 12 and Rg. 9D con-esponds to 
conjugate No. 19. Anti-HBs (dashed columns) and anti-S-135-155 (black columns) were assayed as 
described for Rg. a. 

Rg. 10 shows four plots (A. B. C and D) which depict the kinetics of antibody responses to peptide ore- 
3(120-145) (S) ' ^' H K "SHiB- 

and to pre-S protein within approximately 22nm spherical HBsAG particles ( B) 

elicited by unconjugated peptide pre-S(120-145) (plot A) and by the same peptide linked to cross-linked 
cysteine-activated liposomes with attached RAT (L-tyrosine azobenzene-p-arsenate) groups (plot B); and the 
effect of carrier on anti-peptide antibody titers in sera of rabbits immunized with 4 doses of peptides pre-S- 
(120-145) (plot C) and pre-S(12-32) (plot D) given 2 weeks apart The carriers for plots C and D were- 
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cross-linked, cysteine-activated liposomes with or wittiout attached RAT groups. Complete and incomplete 
Freund's adjuvant was used In all cases except 
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deteSable. Immuton 2 Removable strips (Dyoaeoh ^'«'*"2„r,2S^lTn o7m TOs. pH 8.8). The 
pep«Oe p,e^(,a0-,45, «J^^^ ^T^^f ".X™^: S.B.H. N. S«, 

,a S.OWS a p,« aep,c. r/^rr-cr^^^r^rr^s^^^^^^ 

i:,00) ««h a P^S02»-'fl;«ff^'JSfw melaw »o pieparatiorrs conained the same 
spKerlcal HBsAg partloles M and by HBV 'J'*'^ ]' J^;„„^^^ AObott l^lx»alorlos). 

conc,at,«iono>HSsA9 8i=rotaloj»d«a™m^^^^ ^ ^^„I3„« 

.*'Ss;\SSpmeS?:.t«T« a^dl^T.^ SJte^to the p,o-S ,e,» codad protein o, HBV d„*, 

'n^rj^. a p», tor radioimmunoassays o, vaHous preparations containing HBV-spadno proteins on 

r^roE LTp"^aTranrtnr^-r*f la-* « - 

^'^r °8'.eprr^'.^"ra"i^aiSs o.'°pi.ymer^^ associated * 

°H'rx^^<.r^rrt,-^s^^s^^^^^ - - ^ - 

thus lacking pre-S gene coded sequences (o). 
DETAILED DESCRIPTION OF THE INVENTION 
^;:::a.d sequences deduced -ju-es ot ^^^^^^^^^^ 

several HBV subtypes (see Fig. 2) have fte jT sninsky. Pro. Natl. Acad. Sci. 

hydrophiilcity and high percentage of f^'^^^'^'^^'^^l- f^^^Lt^^ Li^^ 
USA. 81. 2902 (1984)): (ii) absence of c^steme ^^^^^^^J ^'^^^^^^ sequences corresponding to 

iS^ng HBV DNA gene P'o?"^2bert%'^) chan E Mandart J. Virol. 41. 51. (1982)). These properties 
rionhuman hepadnaviruses (F. J^Jbert Chan Ma . _ ^^^^^^ ^ ^^^n. is.a 

suggest that the pre-S gene coded porUon of "^^^^^^^^ J^^^ of HBV (limited to humans and 

rp^o'rtSryStpi^^^^^^ 

Cleavage of disulfide bonds within HBsAg results in: ^^ r. Ibrahim, 

(a) a substantial decrease of Ending P^'V^°"f /"^^^^^^^^ Sa. J Virol.. 9. , 182. (1972); 

science. 178. 1300. (1972): N. S"keno «. S^^^^^^^^ wllnS J Gen Virol. 19: 129-(1973): and A.R. 
ORTDFeesman. F.B HoH.nger °7g^^- ^^'^.^^^^^ a-Rtibodies (J. PiUot. M.M. 

SSrc%rJ;;.-U.^S'F^^ ^ ''''''' ^"^'^^^ 



HBsAg. and „„„„„iHh/ <Y Sanchez I lonescu-Matiu. J.L Melnick. Q.R. Dreesman. J. Med. 

(b) reduction of immunogenicity C^^Sanchez >. o ^.^^^^^^ ^^^^^ ^ 

Wol. VI. 115. mCSL M 1^^^^^^ J. Immunol.. 112. 416. (1974)). These 

„ G5t5h. K. Nishioka. S. '<"^^ ,5^J^f,f^%BV bT*^^^ components of 

r^'r.:rdeSir ^" ^i:Sn«:;"rc-r 

" determinants reprasen. tj — ttS^r^^.^'^l^.t'lS^tlS nirS^'eSS 
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10 



IS 



20 



25 



40 



45 



SO 



55 



Neurath. S.B.H. Kent, and N. Strick. Proc. Natl. Acad. Sci USA 79 7871 m 

such high levels of vims-recoonizinn'^P^tihnTii^ t^r^ — 0982)). No precedent exists for 

antibodies could be uTedT a S - ^"^^'"^^ ^ ^^^^ 

antigenic determinants r^^^^^^^^ ^""'^"^ ^^^ection of the pre-S gene coded 

Chen. E Mtndrj' wT Ts^^^^^^ T^'Vl '^'^^'"^^^^"^ ^^"^^ 

Thfi h-.„=i««l o- — : J ^ " * ^ member of the hepadnavlrus family) 

.l-us. Such chalo can be. for eiZr a te« M ™ ? ""S^" » 

position pre-S 120 and pre-S 174 and mor« nr«fa«hi. u u • . disposed between sequence 

sequence position pre-S A o^LZ a^Z^Z^^ '""'"^'^ '"^thionine at 

between se'quencep'oTL'p'?e-s^?;tZ^st^^ ^ 

sequence positions pre-S °0 and prlr^'^ 3 beLen l^H^^'f '''' '"'^'"^'"9 
S 120. (4, between and including 's^queJ^^'p^sr p^eS 15^^^^^^^^^^^ !f .-^ 

sequence position pre-S 90 and nra-S isn a r,^^!^ i 7 * P"^® ^ 55. and (5) between and including 

has j„ «,cS. .ntssTmrN-ri^sss s^rirsoS":^ ? s^rrr""-." 

between sequence position pre-S 120 and pre-S 174 "'l^snce position pre-S 120 and Is disposed 

(3,^prB-S(32-53). wherein the sequence is (see Rg. 2) PAFGANSNNPDWDFNPVKDDWP for subtype 
(4) pre-S(117-134). wherein the sequence is (see Fig. 2) PQAIVIQWNSTAFHOti ono „ u*. 

a. for adw2, wherein the sequence is (see Rg. 2) MQGWSSKPRKQ 
D. for adr. wherein the sequence Is (see Rg. 2) MGGWSSKPRQG 

<^e^eZL'"^SlZ'^lrsuT^^^^ '-ving amino acid 

amino acids that bear close sSrkl^d llS^^TT °' ('"°'*'«ed 

isosteres additions can be ut,S so C a^^^^^^ S'" T'w" ^^'"^ 

of HBV or hepatitis B surface antigen sequences elicit antibodies recognizing the pre-S protein 

using enzymes. Synthetic forSon oMhJ nLn! ^ ^ *^ P"'*^'" ^'^^ ^^^Qents or 

amino acids. P^''*"^^ '^"""^ chemically synthesizing the required chain of 

acid'"chr;^pVdr;SLTcS:ie^^^^^^ « P-^-^^' the ammo 

coded region Of hepa^rB^^Z ^ItSlc co^^^^^^^^ ^'"^ ^'""^ P^^S gene 

virus. To this end, the given chain Ta^tcSs C hl^ boidiftr^^^^^^ ^'""'^ *° '^P=««^ « 
one or more additional amino acids on m^^S^S ^^7.^ ?' ^'^'^ 
as auxiliary amino acids to enhance the stab ll^tinTnf «1 • additional ammo acids can serve 

by antibody to hepatitis B >:!!:^ Tj^oTe^l't^^^^^ ,^1^ ' 'T' 
sequence as they occur in the natural protein, or other amTno ac^ may ^^.^T 

^i7onT.rsi;Vt:irwir^^^^^^^^ rr? - 

residue, to form a longer chain of amino acids ThJ 12111 f '- " . ° ^""^^ °" 

ac» sa^„c con«„c„.„, „ „ rririTa'Srrn^'rS "^^T^-rsS." 
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75 



antigen of hepatitis B virus. ceauence would depend on the method of.producing the 

The length of the individual am.no acid ^[^^ acids by chemical means, then the 

sequence. If the sequence is -^^^^^^^l^'Z^^'^^ aTd preferably would not exceed 40 amino 
sequence length would generally not exceed 50 ^^^^"^^f^f,, .^^gth could be longer, for example. 
acWs. If the synthetic peptide is optimally considerably shorter than the 

100 or more amino acids, it is. hov'^^^rwheLftCepfi^^ 

natural pre-S protein. Thus, in ^^^^^^J^^'^^t^^^^^ than the natural S protein, e.g.. no rnore 

Z^^^^^^^^^^^ amino acid sequence of .e S; region. 

S region. . . ^.„„^„„ 53 nart of a long chain, such as when there are. more than 

onerq^^niTami^^^^^^^^^^^^ ~ " ^"^^"^ " 

at least six consecutive amino acids w.thm the pre-^^^^^ detem^inants) In. the pre-S 

one sequence of amino acids correspond ng amino acid chains containmg 

region of hepatitis B virus, the vaccine of the Pf^"* ^i^^cted to hepatitis B virus and to one or 

e^topes Of different antlgens ora^erg^ss^^^^^^^^^^^ ^ ,ew. Such 

more additional diseases. e.g.. measles, .miuen .^^^ 

additional amino acid ^^^^"^^^^J^^^^^J^T^^^^on can include in addition to one or more am.no 
A hepatitis B vaccine accord.ng ° F'^^ll^Z^^^^^o acids within the pre-S region of the surface 
acid sequences corresponding to at lea^ s« consec^^^^^^^ ^^^^^^^^ ^i,, ,c.ds 

antigen Of hepatitis B V1.S. one 0 



Sr^^sle^S. ;S;i=oThepa.s B V.US. .r example. 

30 1AI 142 143 144 145 146 

iys pro Thr ASP Gly Asn. 



35 



40 



pre-S region of HBsAg include the following: 



45 



so 



55 



14 



EP 0 448 126 A1 



10 



IS 



20 



25 



(1) 



Ser Thr Gly — Pro — Ser^ 



121 ^ 

Lys 
122 
I 

Thr 

Ser— Cys = Cys - Met - Thr 
' 137 124 ( 

Thr 



Pro 

I 

Tyr 



Ala 

I 



(2) Position 
48-81 



: Ser Thr — Gly cin 

Amino Acid Serit»s 

Cys-Leu-X31y-Gln-Asn-Ser-Gln-Ser-Pro-Thr- 

Ser-Asn-His-Ser-Pro-Thr-Ser-Cys-Pro-Pro- 

Thr-Cys-Pro-Gly-Thr-Arg-Trp-Met-Cys-leu- 
Arg-Arg-Phe-Ile 



30 



f3) 2-16 



3S 



40 



45 



SO 



55 



(4) 22-35 



'5) 38-52 



(6) 47-52 



. Gl'^-Asn-Ile-Thr-Ser-Gly-Phe-Leu-Gly-Pro- 
Leu-Leu-Vai-Leu-Gln-Cys 

Leu-Thr-Arg-iie-Leu-Thr-Ile-Pro-Gln-Ser- 
Leu-Asp-Ser-Trp-Cys 

Ser-Leu-Asn^Phe-Leu-Gly-Gly-Thr-Thr-Val- 
Cys-Leu-Gly-Gln-Asn 

Val-Cys-Leu-Gly-Gln-Asn 



(V 95-109 Val-Leu-Leu-Asp-Tyr-Gln-Gly-Met-Leu- 

Pro-Va 1 -Cy s-Pro-Leu 
^8) 104-109 Leu-Pro-Val-Cys-Pro-Leu 
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20 



25 



to a central "carrier". . „mth«tir vaccine which is characterized by the absence of 

There is realized by the present .nvenhon ^ syr^*!'^^^^^^^ ^ vaccine of the present invention is : 
naturally occuring envelope proteins of •^«P^*'^"^^°,^'"'' ^ ^ united portion of the hepatitis B virus 
comp Jed of one or more peptide ^^"^"''^^^.^""^.g^^^^ other proteins found in the virion, 

envdope protein. The vaccine of the P^^f^"* '^^^JJ ^^uc^d components, free of viral components 
Vaccines can be synthesized which are ''I^'^^^^^^^^^ acid (DNA). and are therefore 

r^tor s^^r^i^r^or^^^^^^^^ - ^ 

and these proteins include the P^f °^ J^^"^^" acJ^ corresponding to. the naturally - 

the vaccine is characterized by the absence of an atruno^ a q ^^^^^ ^^^^ of such 

occurring envelope proteins of the h«P«f ^'I^^. ''Ss protective immunization by fom^atlon of 
proteins, the composition functions as a vaccine, i-e.. proviQ 

antibodies. ^ „h ♦hot iHc ranable of forming "neutralizing antibodies". I.e.. 

The peptide of the present invention _is f J^'"^^^^^^^ the present invention is also 

spanning both the pre-S and S region, e-g-. P^-S 160 to b ^ ^e understood, however. 

and which is expected to enhance ^^^J^r" "c7^^^^^^^^^ - « "^^'^^ ' dimer. oligomer, 

acids or other moieties and to that end t is spec't^ally contemp.a ^ ^^^^^ ^ 

Tr higher molecular weight P^'V-^f °l,rJ,^'?"!"2s-l^^^^ acids to form the synthetic 

.5 inversion. In other words having de e m,^^^^^^^^^ StS liable materials or synthetically and can be 
peptide, these amino acids can be formed ^^at repeating sequences serve both as 

polymerized to build up a chain of two or more ''^P^J^.Zent carrier may not be required. Alternatively. 
^Srier" and synthetic peptide, /Jjf-^^^^^^^^ that d'efines the synthetic 

additional amino acids can be added to one or ^o^J ° substance, animal, vegetable or mineral. 
40 peptide. It is preferred that alternative earners ^°3'^y;73^^^^^ peptide so that it is recognized by 

« Carriers include tetanus toxoid. l^^Vt^^'e 1^^^^^^^ include especially those of molecular 

Polysaccharides are also ~"!«'^P^*^'=*^^^,,^"'!4:ches dextran, agarose, ficoll or its carboxy methyl 
weight 10.000 to 1.000.000. including, in particular, starches, dextran, g 

derivative and carboxy methyl cellulose. poiyamino acids include, among 

othe:^t^^.rp:;;s^^^^^^^ - - --^ ^^-^-^ 

"^Srganic polymers can be used as 

copoliers of amines, amides, olefins, vinyls ^ff/^'f^^'^'^gP^ ^ dramatically. The polymers can 
like. Snerally speaking, the "'olec^lar w^^^^^^^^^ 'eTt^o CsSi repeating units. Of course, tlie 
have from two repeating units up to se^^'^^"'^"!^";; 7thG vaccine in a host animal. Generally 
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^or^S or^T::e^^^^ can te inorganic polymers 

preferred that the carrier be oJe vvhtj' IsTL^l^^Ty'"''''''' "^'^ ^ » 's 

contempiated that the adjuvant be mXi dip^^^^^^^^ -'^^ 't - Particuiarly 

syn^e^-^LTontrg^Jar^^^^^ a plurality of 

(such as glutaraidehyde). carboxyl amine ZdT?liI ! 9™"P aldehyde 

contemplated the use of butyrald^dr^a rosslZo a^^^^^^^^ P^'-'-- 
Particularly contemplated divalent imfdo estei aHost^f form.Sr^^ " ^ carbodiimide. 



R - 0 - C = NH,*^ 
J 

,3 (CH2)in 

. R - 0 - C = NH2'^ 



20 



25 



30 



oa^Lle: LVe'j^^^^^^^^ a'SsTcU' Ivlht T'"." "^^'^"'^'^ contemplated 

=^^^SSi-~^^ 

Mieirs.B.H. Kent, M. ingelhard J^l Men^fieW jTo c^^^^ (^War? 
W. Wong. M. Riemen. F.-S Tjoeng and RB^^^J"?^^ --'^^^^^^^^ 

Mitchell, and R.B: Merrifield. J 0% Chem Tllt'^t^-'^'V"'^' "^^i^^v. A.R. 

Merrifield, Tet. Letters, 2851-28l4r(r98Wnd Tb ^ K^n?' T 'Z^'"' R-B- 

^E?£?£dingi-5fThilv Internaton^ Symp;,sium on M "^^^'^^'d. 
P?iii^B^55W1Tvel^-N-Y.^l^^p?iii^ - ^^^^^ - sequence Analysis . (Brookhaven 



Chemical Synthesis: 



45 



so 



55 



up ™^:^^^^^^^^^^ approp.a,e sequence of L-amino acids is built 

carboxyl terminal amino acid attaXd Ta ZlZ^e Tl ^PP^P^^t^ 
chloromethyl group, benzhydrylami^e aroun ir .^1 ^ ? ^PP™P"^»«) ^«s>" ^'"a chemical linkage to a 
one by one using L fo^J'n^^ZlZ""^^^^^^^^ '''"^ °' -ids are'added 

(a) washed with methylene chloride- P«°«-fes.n is. 

™- <v/v) diisopropylethylamine (or 

(c) washed with methylene chloride* 

ilaLTy^clli^^^^ Of the growing pep«de chain is 

or diisopropylcarbodiimide) for t^n m utesToTSforrr^^^^ 

The amino acid used should be prSed oriZlfv" L t^^ , T""'"" °' ^"'^ «cid. 

Side chains protected with benzjl ^Ss (e a aLrtc L^f ^^^^^^ ^'^^ 

r ^^^^^^^^^ 

minutes at room tsmoerrt,™; ' ' """""^^ mMhyteno chloride for 10 to 30 

(II) the peptide-rKIn Is wasHed witn methyleTO clUoHde- 
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vw» hfi Durified by gel filtration, ion exchange. Iiigh 
(aromatic) scavenger. Subsequently, the P«P >de can be punfed by g 

pressure liquid chromatography. ^^'^f^^^rout without the solid phase resin, in which case *e 



and the final product is essentially identical 
Isolation from natural sources: 



20 



25 



iSOtaTlon Troni molu.i»' ^ _ 

»3*g *e desired sec^enee of "™no ^5 ,^«e enzymes whose eobstrate a-eoK- 

g s°: c„'::4o r:^ rr^'r s^'Se., i,>o« » - — »• 

(c) A combination of proteolytic and ^l^^-^'^f' "^^^^^^^^the DNA. either from natural sources or prepared 

- . 1 should also be possible to clone a sma I ^^^^^^^ codes for the desired 
by synthetic procedures, or by rne^ods .nvo^^n^^^^^ 

sequLebf amino acids, resulting in the produc^^^^ J 3,q„^„^3 by the followmg 

Analogously, one can form chams a^^^^ ^ v.ater-soluble carbodiUT,.de (e g 

technique: An aqueous solution of ^ P^^^Jf^^^^^^ fn p<^^^^^ P^P^^^^^^' "^T""' Tf Z 

Bthyld.methyl-aminopropylcarbod..m.de) ms res^^^^ ^^^^ branched polymers of the 

- use of the side chain blocking groups mentioned above, e 

nsotide can be made. ^ . have bonded thereto a chain of any of the 

""T^esne^ the synthetic peptide^of P^^-^^SSSe^^^^^^^^^^^ or poiyacryiamide which can 
following moieties: polypeptide, polyam.no Pj'^^^^^^^ J individual chains. Such cha,ns ^e 
serve as a stabilizing chain or as a bndge between ammo ac ^^^^^^ ^^.^^ compnses: 

. 'a^^Lle commercially or. in the °LSteZnce v^^^^ a^ouS, of the N-carboxyianhydride of the 
- ac-rr al^g aircrXVSX to occur. Which is ini.ated by the am.ne groups of 

Kgh a carrier may not be required, if a career is employed .e deposi^on of a chain or chains on a 

pr Srrcr::- the sv^- ^^^^^^^^^^^ r riLSd?^^ 

solvent and covalently linked v,a ^°"J*°'J^,pe^^^^^^^ 

resulting product may contain one or ° P^^ry, groups to form disulfide bonds. Yet 

reduced peptide may ^-^''"^.^'cU^oT^^^ to prote7n carriers containing maleimldyl groups 
another method involves the addrtion o reducea pep k attachment means. 

to fom, acovalent linkage by a M.chael „,olecular weights in the range 1 000 to 

2. Polysaccharide Canriers: Oligosacchande earners shou^^^^^ ^^.^^^^ ^^^p^ ^^3t first be 

toOO.000. in order to covalently link these tojnth^cp^^^^^^ ^.^ .^^^^^^^^ ^^j, to yield 

aitached to them. Carboxyl groups^njay ^^^^^'^J.^trbJ^^ to yield activated carbonyl 

carboxymethylated polysacchandes. or ^^'J ^ ^^^0 by a carbodimide reaction, while the 

1.000.000. Polylysine and polyornithlne ^^^l^^'f^^^^^'Zy bs coupled to these via amide bonds 
add and polyglutamic ^^j!''^ '""^^'^^r^^^^^^ groups for coupling is polylysine to 
using the carbodiimide '^^^^^■'^f'Z^^'^^^^^^ lysine residues. The synthetic peP* d« "j^V 

t:::sstlzSoZZ:^'<^^^^^ ^ r "'^^ 

synthetic peptide Should be attached to each <^^^^^^^^ ^ 3,es on the outer 

The novel carrier of the presen '"^e"^?" '"'^^^O -NHa and -SH. The lipid carrier can be stabilized 

^brc^sS z s^i^^:^^^^ '-^ ^ 

Afunctional aldehyde, e.g.. glutaraldehyde. 
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The bonding of the peptide to the lipid vesicie carrier occurs at the active sites on the lipid vesicle on 
the exterior surface of the carrier. Without wishing to be bound by any theory of operability. it is believed 
that such bonding is at least covalent bonding. 

It is possible to bind a peptide to two active sites on the outer surface of the lipid vesicle. For example. 
5 a -NH2 group at one end of a peptide can bind with a -COOH active site on the outer surface of the lipid 
vesicle. The other end of the peptide can then bind with another active site on the lipid vesicle, for example, 
a -COOH group on the other end of the peptide can bind with a -NH2 active site on the lipid vesicle. 

The preferred carrier to support the synthetic peptides of the present invention is a lipid vesicle. Lipid 
vesicles can be formed by sonicating a lipid in an aqueous medium, by resuspension of dried lipid layers in 
70 a buffer or by dialysis of lipids dissolved in an organic solvent against a buffer of choice. The latter 
procedure is preferred. Lipid vesicles consist of spheres of lipid bilayers that enclose part of the aqueous 
medium. 

Lipid vesicle (non-protein) carriers according to the present invention can be produced in a variety of 
ways. The preferred method to produce such carriers would be to treat a lipid vesicle containing 
76 aminoaikanes and diaminoalkanes having 10 to 18 carbon atoms, for example stearylamine. cetylamine and 
myrististylamine with a polyaldehyde. such as a dialdehyde. for example, butanedial (succinaldehyde). 
pentanedial (glutaraldehyde). hexanedial (adipoldehyde). heptanedial (pimelicaldehyde) and octanedial 
(suberaldehyde). Alternatively, a liposome containing aminoalkenes and diaminoalkenes having 10 to 18 
carbon atoms, for example, oleylamine. can be treated with the aforementioned polyaldehydes. The lipid 
20 vesicle carrier thus formed has active aldehyde groups on the surface thereof allowing the direct linking of 
peptides via their N-terminal of lysine groups. 

Peptides linked to lipid vesicle carriers according to the present invention can also be prepared by 
treating an amino containing lipid vesicle as described above with a peptide activated by carbodiimide, for 
example, N-ethyl-N' (dimethylaminopropyl) carbodiimide. 
25 Alternatively a carbodiimide activated peptide is linked to polyaldehyde. e.g., dialdehyde, treated lipid 
vesicles which have been further derivatized by reaction with a water-soluble diaminoalkane. e.g.. ethylene 
diamine and. propylene diamine. 

Still further, lipid vesicles containing fatty acids (saturated and unsaturated) having 12 to 18 carbon 
atoms, e.g.. stearic acid, oleic acid, palmitic acid and myristic acid, are activated with carbodiimide. 
30 Thereafter, the activated lipid vesicle is reacted with a peptide. 

Another approach to form a carrier according to the present invention involves using a fatty acid 
aldehyde as a component of the lipid vesicle and treating such lipid vesicle as described for glutaraldehyde 
treated lipid vesicles. Such lipid vesicle reacts directly with amino groups of peptides. 

In a preferred embodiment of a carrier according to the present Invention, the aforementioned lipid 
35 vesicle carrier formed by treating a amino or diaminoalkane (or amino or diaminoalkene) having 10 to 18 
carbon atoms with a polyaldehyde is further reacted with cysteine (L-or D- or LD- cysteine). These lipid 
vesicles are then reacted with a peptide having -SH groups, i.e., cysteine containing peptides. The link 
between the lipid vesicle and the peptide Is mediated by a disulfide bond. 

Alternatively, a fatty acid mercaptan is used as a component of the lipid vesicle, for example. 
40 octadecanethiol. A cysteine containing peptide is directly linked to such lipid vesicle. 

Another approach to form carriers according to the present invention involves the preparation of the 
above described fatty acid mercaptan containing lipid vesicles which are further reacted with a dimaleimide. 
for example, para or ortho N-N'-phenylenedimaleimide. Such lipid vesicle is then reacted with a cysteine 
containing peptide. 

45 Aitematively. the link between the appropriate lipid vesicle and the appropriate peptide can be 
accomplished by commercially available cross-linking reagents such as dimethyl adipimidate; dimethyl 3.3'- 
dithiobis-propionimidate; 2-iminothiolane: di-succlnimldyl suberate; bls[2-(succinimidooxy carbonyloxy)- 
ethyl] sulfone; disuccinimidyl tartarate; dithiobis (succinimidyl propionate); ethylene glycol bis(succinimidyl 
succinate); N-5-azido-2-nitroben2oyloxysuccinimide; p-azidophenacyl bromide: p-azido-phenylglyoxal; 4- 
50 fluoro-3-nitrophenyl azide: N-hydroxysuccinimidyl-4-azldeben2oate; N-hydroxysuccinimidyl-4-a2idosalicylic 
acid; m-maleimidobenzoyi N-hydroxy sucdnimide ester methy|.4-a2idoben2oimidate: p-nitrophenyl 2-diazo- 
3.3.3-trifluoroproprionate; N-succinimidyl-6 (4'.a2ido-2'-nitrophenylamino) hexanoate; succinimidyl 4-(N-mai- 
eimidomethyl) cyclohexane-1-carboxylate: succinimidyl 4-(p-maieimidomethyl) butyrate; N-(4-azidophenyl- 
thio)phthalimide; ethyl 4-a2Jodophenyl 1. 4-dithiobutyrimidate; N-succinimidyl (4-a2idophenyldithio) pro- 
pionate; 1-5-difluoro-2, 4-dinitrobenzene; 4.4'-dlfIuoro-3.3'-dinltrodiphenyl-sulfone; 4.4'.diisothiocyano-2.2'- 
disulfonic acid stilbene; p-phenylenediisothiocyanate; 4.4'.dithiobisphenyla2ide; erythritolbiscarbonate; N- 
succinimidyl 3-(2-pyridyldithiol) propionate; dimethyl pimelimldate and dimethyl suberimidate. 

The lipid vesicles according to the present invention act not only as caniers, but also as adjuvants. 
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e„alogy« felicMng protec«ve antibodies) o '''^ ;''^:^^tfZ^Z^^'^^f^i^y u,e no..l 

amino add sequences in pre-S gene coded region of lha »BV. can be used 10 bind with 

r'*"°;!ia'^ltrr«,e^:^g"™2s" eSS^^^^^^ 
synthetic peptide analogues of tne toiiowing virua^ , j hemagglutinin, 

A/Eng 1878/69 strain. A/NT/60/68/29C strain JeTSUsTa^^^^^ 
vaccinia, polio, rubella, cytomegalovirus, sm^l P^'^' ^^^^J ^^^^^^^^ hinopneumonitis (equine 

ectromelia virus. Cowpox vi-s. Infectous to^^ ^,^3^ 
abortion) virus. Malignant catarrh virus of '^^"'f • ''"^ f™'^^^^^^^^ Marek's disease virus. Sheep 
Barr virus (associated with SSSrus group, Human papillomavirus, 

pulmonary adenomatosis (Jaagziekte) virus, Cytomegaloviruses Adejo^^"^ 9 (g serotypes). Blue tongue 
Feline panleucopaenia virus. Mink enteritis virus Afr can horse ^^^'^^^^'^'JJ^^ (various str^ns). Avian 
virus (12 serotypes). Infectious pancreatic necrosis vjrus o ^^^^^^^^^ disease virus, 

leukosis virus (visceral, erythroblastic and 'nye'?bf stu:) °f °f ^^'^^^J^^'^^ 4. ^^mps virus. Turkey 
Parainfluenza virus 1. Parainfluenza virus rspiLTsyS; virus. Myxovirus. Type A 

virus. CANADA/58. Canine distemper "^^^^ ft^r;"^^ Fowl plaque 

viruses such as Human influenza viruses. e.g.. Ao/PR8/34. A^'CAMMt, ana Venezuelan 
Virus: Type B influenza viruses. e.g.. B/Lee/40: Rab.es virus; ^^3"^;"^^ J^^^^^^ 1 ^rus {=type 
equine encephalitis virus: Western equine encephalitis v.rus: Yenow fever v ms. 

sl Dengue type 2 virus (=type 5): Dengue type fever virus 

Kyasanur For^ wu.^^^^^^^^^ disease. virus: Poliovirus 

r^nrSSir r bent?^o=ro S^JSr^^X s\egL. as well as other 
nrnraTs^^u^er^^^^^^^^ 

rr^^-rc^prprwi^^^^^^^^^^^^^ 

1981. propose the following sequence corresponding to the S region of HBsAg. 
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138 139 140 141 142 143 144 145 146 147 148 149 

cys Cys Thr Lys Pro Thr Asp Gly Asn Cys Thr Cys 

Other peptides mimicking the antigenic determinant of HBsAg (S region) include the following: 
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Peptide 1 



122 

I 

Thr 



Ser — Cys 
I 137 
Pro 



Cys 
124 



- Met - 



Tyr 
Met 



Ser Thr Gly- 



Thr 
Thr 

Ala 

I 

■Gin 



Peptide 2 contains 5 additional amino acid residues: 



25 



Ser — Thr — Gly — Pro 
117 



Ser — X, 
121 



G R Dreesman. Y. Sanchez. I. lonescu-Matlu. J. T. Sparrow. H. R. Six. D.L. Peterson. F.B. Hollinger and 
J.L. Melnick. "Antibody to Hepatitis B Surface Antigen After A Single Inoculation of Uncoupled Synthetic 
30 HBsAg Peptides-. Nature . 295. 1 58-1 60. 1 982; and (2) the following peptides- 



35 
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POSITION 

48-81 



2-16 



SEQUENCE 

Cys-Leu-Gly-Gln-Asn-Ser-Gln-Ser-Pro-Thr-Ser- 

Asn-His-Ser-Pro-Thr-Ser-Cys-Pro-Pro-Thr-Cys- 

Pro-Gly-Tyr-Arg-Trp-Met-Cys-Leu-Arg-Arg-Phe- 
Ile 

Glu-Asn-Ile-Thr-Ser-Gly-Phe-Leu-Gly-Pro-Leu- 
Leu-Val-Leu-Gln-Cys 



so 



55 
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38-52 
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Leu-Thr-Arg-Ile-Leu-Thr-Ile-Pro-Gln-Ser-Leu- 
Asp-Ser-Trp-Cys 

Ser-Leu-Asn-Phe-Leu-Gly-Gly-Thr-Thr-val-Cys- 
Leu-Gly-Gln-Asn 



47-52 val-Cys-Leu-Gly-Gln-Asn 



J5 



95-109 Leu-Val-Leu-Leu-Asp-Tyr-Gln-Gly-Met-Leu-Pro- 
20 Val-Cys-Pro-Leu 



104-109 Leu-Pro-Val-Cys-Pro-Leu 



25 



35 replicase antigen is as follows: 

Tyr-Ser-Thr- Leu Tyr-Arg-Arg-Trp-Leu-Asp-Ser-Phe 

461, 



450 



large tumor antigen are as follows: 

so Met-Asp-Lys-Val-Leu-Asn-Arg and 

Lys-Pro-Pro-Thr-Pro-Pro-Pro-Glu-Pro-Glu-Thr, 

e. waiter. .CH. Scheidtmann. A Carbone. ^P. Laud^o^ ^^."^^ 
Dane Particles". Proc. Natl. Acad. ScL USA. 78. 6. 3403-3407. 1981 . 

22 
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antiglnTs'^s foZ^'"'"' '"'"'"'"■"^ determinant of retrovirus R 

5 ^e«-Thr-Gln-Gln-Phe-His-Gln-Leu-Lys-Pro 
lle-Glu-Cys-Glu-Pro , 

w J.G. Suteljffe T M. Shinnick. N. Green. F.-T. Uu. H.L. Niman and R.A. Lemer, "Chemical Synthesis of A 

"""^ '"'^"""^ ^ "^^^ RetrovirtTGene PrLi" 

vir.s'^anCSirSts:" "'"'^''"^ ^-^<=«-a 

rs Glu-Asp-Asn-Glu-Tyr-Thr-Ala-Arg-Gln-Gly, 

141 

Val Pro Asn Leu Arg Gly Asp Leu Gly Val 

25 

Leu Ala Gly Lys Val Ala Arg Thr Leu Pro 
and 

201 

His Lys Gin Lys He Val Ala Pro Val Lys Gin 
Thr Leu, 



30 



35 



J.L Bittle R A. Houghten. H. Alexander. T.M. Shinnick. J.G. Sutcliffe. R.A. Lemer. D.J. Rowlands and F 

Se pSS*; '^^t^'T'^'-'^""*'^ immunization W,^ A ^hemicain" n h-i^^ 

Peptide Predicted From the Viral Nucleotide Sequence". Nature . 298. 30-33 1982 

40 31 riaN^i'lnH-fn"*^'"-"^ ^ T'"" ^'"^ ^^'^"^""^ mimickiSi-ffie-iStigenic determinant of hemagglutinin X- 
40 31 (n3N2) influenza Virus antigen is as follows: sa »■ 

123 125 

Glu-Gly-Phe-Thr-Trp-Thr-Gly- 
130 

Va 1-Thr-Gln -Asn-Gly-G ly-Ser- 
140 

60 Asp Ala-Cys-Lys-Arg-Gly-Pro- 

^, ISO 
Gly-Ser-Gly-Phe-Phe-Ser-Arg- 

55 
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151 
Leu^ 



70 



75 



20 



P,p«de Oomprtsing 'Loop' Region ^^"'^^^^'^Z^^sr^tiML of nemMSWlnin ol 
A peptide contelnlng am,no '^"'^"^^^^ q.^. Muter. M. SBapira ««1 aF. DooBtlle. 

strain 3QB antigen is llei Val, Asx. Thr, ^^'f^^^/^'^^^^^ Vims Strain 3QB and Isolation of a 
"Purification of Haemagglutinin and Neuramu^dase irom ^ggo. , 

^n?prrcTnt:r^^^^^^^^^ i:^^:^^^^^^^ ^^^-'^ 

are given as follows: 

Natural DT Loop 

-Cys-Ala-Gly-Asn-Arg-Val-Arg-Arg-Ser-yal- 
166 190 

Gly-Ser-Ser-Leu-Lys-Cys- 

201 

fi ynthetic Peptide 

Tetradecapeptide Gly (188) —Cys- (2011 



30 



CVS (186) Cys- (201) 

Hexadecapeptide cysiJ.o / x 

octadecapeptide Ala.Ala-Cys(186)— Cys-(201) 

P Audibert M. Jolivet. L CHedid. R. Arnon and M. Sela. "Success^. ,..uniza«on >A«th a Totaliy Synthetic 
pyogenes M antigen is as follows: 



Asn-Phe-Ser-Thr-Ala-Asp-Ser-Ala-Lys 

15 

ile-Lys-Thr-Leu-Glu-Ala-Glu-Lys-Ala-Ala- 

50 25 

Leu-Ala-Ala-Arg-Lys-Ala-Asp-Leu-Glu-Lys- 

30 35 
55 Ala-Leu-Glu-Gly-Ala-Met 

. o- - »„,4 A H Kana TvDe-Speclfic Protective Immunity 
E.H. Beachey. J.M. Seyer. D.B. Dale. WA Simpson and A-H. Kang. "Type ap 
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Evoked by Synthetic Peptide of Streptococcus Pyogenes M Protein". Nature. 292. 457-459 1981 

..n^^nJ^'t r'?/^?' ^'^^^"^ "^"^ IrtiiiiTd to-bind with'any amino acid 

sequence which includes the antigenic detemiinant for a specific antigen. 

The lipid vesicle caniers of the present invention can also be used to bind with enzymes 
' antiboSer^^"* '^"^'^^'^ *° diagnostic tests for direct detection of HBV antigens and HBV 

in order to detect HBV antigens containing proteins coded for by the pre-S gene in sera of HBV- 
c'S bfemZyeV" °' enzyme-linked, immunosorbent assay (EUSA) 

JO One test for detecting HBV antigens according to the present invention is as follows- 

IIlM"'!!'"?'''^® containing binding sites thereon, e.g.. polystyrene beads, is coated with antibodies 
to a peptide having an ammo aad chain corresponding to at least six amino acids within the pre-S gene 
coded region of the envelope of HBV. the peptide free of an amino acid sequence corresponding to the 
naturally occunng proteins of HBV; h y w me 

15 (2) the coated beads are then washed with, for example, tris buffered saline, to remove excess antibody 
(3) the beads are then contacted with a protein-containing solution, such as bovine serum albumin (BSA) 
or gelatn to saturate protein binding sites on the beads (to prevent or reduce non-specific binding) - a 
convenient concentration of such protein-containing solution can be employed such as 1 mg/ml to 50 

20 (4) beads are then washed to remove excess BSA or gelatin; 

Sliz*^d as^f irtroir^" -"^vb^ted with samples suspected" to contain HBV or HBsAg (normal sera Is 

(6) the treads are then washed with a solution, e.g.. tris buffered saline solution, and mixed with a 
radiolabeled antbody, e.g., labeled antibody (antibody to either the peptide or to HBsAg); 
25 (7) the beads are then incubated; 

(8) the beads are then washed and counted in a gamma counter 

are poSv?^*""'^"' "'"^ ^ """^^ °^ t^^" ^« specimens 

^ .r.^iV'^/r? gsne coded peptides according to the present invention can be employed as a diagnostic 
00 tool to detect antibodies to the pre-S region of HBV in a given sample. The pre-S gene coded peS for 

loTa' 71^;? ''^^^ °' P^^S <^^^-^34), pre-S(l-21). pre-S(9rn7?, p t 

f P^^^f pre-S(57-73). is adsorbed on a solid substrate, confining binding S 
r/nriinn ^f^P^^P^'y'^^"^ "eads. The substrate is thereafter contacted with a substance (protean 
as SIS Th^ K «^«'"P'\9«'^«" BSA or powdered milk, to saturate the binding sites t^reon 

' f ^ """^^^'^ 'f^^'^^ft^^ buffer is removed A 

specimen, e.g.. human sera diluted with animal sera is added to the substrate. The resultant mass Is then 

Lrll'tr ""'xK -9-. '""^'"^ted. e.g., 1'-. antibodies to human IgS orTgMis 

is Nahl? llnTr. T T'""! " ^-S- « gamma-counter.'lf the ?ount 

<o legiln o! H^J. ' °" ' '"'^ ^P^'^""^" "^""^^^^ ^ *e pre-S 

It is believed that the above procedure for detection of antibodies to the pre-S region of HBV can be 
applied as a diagnostic tool in detecting hepatitis B virus infection. 

Siml^^ZT^ protein moiety appears to be directly involved in attachment of HBV to liver cells of the host. 
S.m ar proteins are hke y to be involved in the attachment of other viruses, the target of which is the Bver 

se^l .V!h'°h"' "'T': '^''^^^P""^'"^ t« pre-S protein, as well as antibodies to them oSSd 

sen^e as the basis for diagnostic assays of and vaccines against other hepatitis viruses reacting w itS^me 
same liver receptors as does hepatitis B virus. ~v,uiia wim me 

r«nii!iJ''*f f K f 5®"^ procedures involving radioimmunoassay (RIA). an enzyme linked antibody can 

■,o t^^Zl rZT ^"""""^""^ P«^°"^^^- Furthemiore. fluorescenc^ 

)0 techniques can be employed in place of RIA or ELISA. 

The labelling ("marking") of one of the reaction components can be brought about by use of a "marker" 
cL™ ^' '"corporation of a radioactive atom or group, or by «,upSg *s 

component to an enzyme, a dyestuff. e.g., chromophoric moiety or a fluorescent group P 9 mis 

s thi, concerned are preferably labelled by coupling to an enzyme, since tiie estimation of 

n^elsal^ °' radioactivity, for which special appa^^s t 

fl„„III^ . "^^ preferably ttiose which can be colorimetrically, spectrophotometrically or 

fluonmetncally detem,ined. Non^imiting examples of enzymes for use in tJe present^lStc,ude 
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20 



25 



glucuronidase. beta-D-glucosidase, ^^^■°:^^^^'^°^^Z' Z^Leni can be brought about in a known way. 

' The coupling of the enzyme and the chemistry. 

for example, by the formation of an am.de linkage "'«*°ds^^^^^^^^^ ^^^^ ^^y. .^otopes useful for 

The labelling with a radioactive isotope can also be performea in a 
labelling are predominantly 1'^'. C*. and H^. -roeedures can be effected in a known manner. 

The incubation steps utilized In camruig '^1''^^^°'%^^^^^ go'C for between about 1 hour 

such as by incubating at temperatures of between about 20 C and 

"';X-Tdescribed above are typically effected using an aqueo- so.^^^^^ such as one buffered at 

-Srvrn^cir^^^^^^^ 

'nXtrifkirafcSi to the present invention for detec^ng antigens coded for the pre-S gene 
of HBV In a test sample, would '"^lude the following: corresponding to at 

a. a solid substrate coated with antbodies to a Pf i-^e ammo 

least six consecutive amino acids withm the P/^f proteins of HBV. 

peptide free of an amino -^^^^S^^^^^^^ SLJ^e. and. 

b. a protein-containing solution to saturate P^ote'" 9 or HBsAg. 

least six consecutive amino acids within the P«-S aen« "ded reg ^^^^^^ 

Sid process and »s. «. .0, o. an,»c«lles «, «» P^-S rsglon p, l»paU«, B 

doscHbed .est o, using ^"^^ "'^^ rSlemm from » Infected patient and applyino tne 
(2) predicting recovery from HBV intection oy wRi.ia 

above described antibody detection procedures^ detection can be used for making 

The above described test P™«f by't^ng slm from vaccinated patients and then 

40 qualitative comparisons between different "^V v^^'"®J ^Z, ' detection In general all known .immunoassays 

Utilize the above-described test P^^^^^^^^^VSlnTthe s^^^^^^^ <^ ^^"^^^''^ ^" 

using this antigen as reagent can be perfo med using the synm^ p p using antibody serum 

known immunoassays using antibody ~«eT*is n^^^^^^^^^ '-'"^^'^ ^" 

produced through the use of a J'^^^^^^^^^ °^ e^zIToTv Academic Press. Volumes 70, 73 and 74. 

""'=T;ri~''c» -bo prep»ed «w. used ,n san,. t^neta, manner as dlsctosed In U.S.P. 4.1.8.479. 
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the entire contents of which are incorporated by reference herein 
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EXAMPLES 
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Example 1 

SDS-Polyacrylamide Gel Electrophoresis Of HBsAg. 
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Example 2 
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antige-Hiraeterminants in the sequence to the "Qht from Met synthesis.. 

conjugation, although it might bo a part of the f 'Jrrstepwlse solid phase peptide synthesis on 

The peptide was synthesized ^ j;^tTlSi3^,'X^^^^ P^'^'" 
the benzhydrylamine-type resin of Gaehde and '^^^^"^^f^^JS eH,%F (A^itEhSli. S.B.H. Kent, IVI. 
using Boc^^H-CH(phenyl)-pheny^OCH.COOH to denva^^^^^^^^ ^^^^^^ 

20 seconds; . . Hirhioromethane was added to the neutralized resin 

5. Cwliw 2 mmol l»t.Bo«-L-am.no .n after 10 minutoa a 

(InFormyl) gave purer product. „„„ito,eH bv the quantitative ninhydrin reaction (V.K. Sarln..S.B.H. 

Assembly of the peptide chan was ''^ J^.'Jl ^^^^ without difficulty except for 

Kent. J-P.Tam. R.B. ^^^o'^Ji^^f'Ste 

the addition of the histldine residue which was 10 /» ^hain. the N-terminal Boc group 

35 to an impure amino acid ^-"f '-.^J^^^^,^^^^^^^^^ 1-4 above.- Then the 

was removed by trifluoroacetic acid treatment and *fj^^" "^"^^^^^ containing 5% v/v p^rosol and 
peptide was cleaved and deprotected by a 1 ^^^^^ cy^e"namide. wSere Hls(lmDNP) was 

5"/: v/v p-thlocresol to give the desired PfP^-f^^^J^ *f to HF cleavage. Where TrP (InFormyl) 

used, the DNP was removed ^y/ea^?"* ^^^^^^^^^^^^^^ gTup ei^Ter HF containing 10% anisOie and 
40 was used. HF conditions were adjusted to jhe product was precipitated and 

rjit^^sr . .» 

Pepuaes. J. Mei«*ote,. Ed (Ann Art,» Press, Ann «l»r. '^^^ J"'„°°Rfe„en. M. LeDoux. R.B. 
sfaaSfesIn r.»eafed a olliclenoy of ch«r^ " ftotein Sequenco Analysis . 

absorbing light at 225 nm. 
Examples 3-6 

« ,n.un^o=.cP,op,r^O!APapSd,»n^An!lja^ 
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145 of tt^ P rS^TGgng Prodi^ (pre-S 120-145) 
Example 3 
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Immunization 
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»nH iTr?""" 'S"'? ""'"^ °' carrier-bound pre-S 120-145 (subtype adw^) were conducted 

and resulted in an anftbody response in all animals against both the homologous peptide and HBsAg (Rg. 

HBV^I?)NA'?!?t."'T°"'^L"^,r. ^""'"^ ^^''"^"^^ <P^«-S 120-145) of the pre-S region of 

HBV DNA (subtype adw^; P. Valenzuela. P. Gray. U. Quiroga, J. Zaidlvar. H.M. Goodman. WJ Rutter 
Nature (London). 280. 815. (1979)) containing an additional Cys residue at the C-terZal ^ded S 
convenjence o coupling to carriers, was synthesized by an Improved solid phase technique (S.BH Kent 

N^Kajima.Eds. (Academic. New Vork. 1980). pp. 213-242- AO 
S ■ f ^"S^'^'^d- R-B- Merrifield. J. Org. Chem. 43. 2845. (1978); and S. Mofsov A R 
Mitchell. R.B. IWIerrifield. J. Org. Chem .. 45. 555 (1980)": 

For immunoassays and linking to carriers the peptide was treated with 2-mercaptoethanol and sepa- 

Groups of two to three rabbits were immunized with either free pre-S 120-145 or with the peptide linked 
I'vJwt^^'f f^'^S k"^""""*? ^°"*^"'"9 stearylamlne. dilauroyi lecithin and cholesterol which had been 
fixed with glutaraldehyde. and either did or did not have attached RAT groups for enhancing antibody 

ion schedule involving the use of complete and incomplete FrCT's-idjuvant was he same as described 
45?! Antibodies to HBsAg In sera of rabbits Immunized with pre-S IZ^ 

itfilli 1^.1°^ ^^"^'^'^^ radioimmunoassay (RIA) using HBsAg-coated polystyrene beads and 

i-iabeled anti-rabbit IgG (Neurath. Kent Strick. et al (1984) supra) 
n.r.^^^'^'^^ ^ homologous peptide were tested by a iiSTar test except that 2.5 mg of a cellulose- 
wer« ° .!"'«^ydj'««'^'o«,«. prepared as described (P.L. Feist. K.J. Danna. Biochemistry . 20. 4243 (?981)). 
were suspended in 5 ml 0.1 M sodium acetate. pH 5. and mixed wi th 2.5 ml of 0.25 M N-N'-p- 
?S Pn?r i dimethylfomiamlde for one hour at SO'C and then washed with 0.1 M phosphate^ 

Of ore S i^'i'S f"''""'"^ suspended in 10 ml of the latter buffer containing 5 mg 

of pre-S 120-145 and mixed for at least sixteen hours at 20* C. The cellulose derivative was extensively 

oTprsT2o^rprg''or^^^^^^^^^^^^ ^^^^ ~" ~ « 

Example 4 

Radioimmunioassays were conducted with several dilutions of a serum from one of the rabbits 
immunized with pre-S 120-145 linked to liposomes (See Rg. 5). 

Antibodies were still detectable when the antisera were diluted up to 1.6 x lO^-fold (Fig 5) 

.«i i^KtitJ u^'f °' ^"f""'^"^ ^ ^^^^^ '^''-labeled anti-HBs and P33 (P36). 

Mm 1 . T ''"'"""^Precipitated with anti-pre-S 120-145 at ail dilutions positive by RIA (Rg. 5 

comnlTJ %T 1 r* ""^'^'^^ detemiined by detection of HBV-DIMA within the Immune 

SsT79 l»T5 (1982$ ^^"^^^^ »<r"9'"an. Proc. Nat. Acad. Sci. 



45 Example 5 



Anti-Peptide Antibody as A Specific Probe for Detection of P33 and P3e 

Anti-pre-S 120-145 was reacted with P33 and P36. HBsAg polypeptides separated by SDS-PAGE run In 
50 urea were transfen-ed to nitrocellulose, reacted witti anti-pre-S 120-145 dilut^i 1/80 in TS conSninTiO 
mg/ml of bovine serum aibumin and 2.5 mg/ml of gelatine (TS-BG) for five hours at 20*C. To detect bound 
IgG. tiie nrtrocellulose sheet was washed and exposed to '«Mabeled protein A (0.4 ,C/100 ml TS-BG) for 
Z ^TJ T'' ''S- "^a. 6. arrows indicate the posiSons of pU and P38 

55 IJtl^S TZ}^^'^"^ '° ^ °' •*"°'^"«°"^> '■"^''^♦^ ^""t^'^r P™t«'" ^acting witi, 

55 anti-pre-S 120-145, possibly corresponding to a dlmer Of P33. 



Example 6 
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Of HBVjnficted Individuals 

~ Fig 7 Shows the results Of a diagnostic test based on polystyrene beads coated with anti-pre-S 120- 

^ serial dilutions ot an HBsAg-pos.t.e -™r.^^^^^^^ 
1/10 in TS were tested, lasi-labeied ^^"'"f " ^"*-"f ^"^^^ Results are expressed as RIA 

essentially as described for the AUSRIA II d'a9nost.c k,t (Abb^^^^^^^^ 

ratio units, determined by dividing cpm '^^^f ^l^re en^^^^^^^^^ t° 
samples by cpm corresponding to ' ^^.^^^^^^ of the serum as detemiined by the 

^js^irr ap^r^^^^^^ - ^-^^ 

"°^^rSts were Obtained with — ^^^^^^^ 
synthetic peptide with the sequence corresponding to subtype aaw trig. ; 

' antigenic determinants. 
Example ? 

20 °y2*;;«i;2n!2fllggg^ 5(135-155) Derivatives 

wHh complete Freund's odiuvmt and WM«J '"to l>" ™" ^ „, ooolusates ». 

. ' rnc;mpr tr^no^r. Sr^tg^lt^^^^^^^^ we?e t.en two wee. after each 

'"^^o'prepare conjugates 1. and 4-B (Table 1) 1 -9 .uan^tie-^^^^^^^ 

(8(135-155)) were activated w«h a t.o « 1^.,,, po.y-D- 

• HEDAC) and N-hydroxy-benzotnazole (NHBTA) and si^Dsequ^^^ described (Amon. R.. Sela. 

30 ysine and diaminoalkanes (from Fluka AG. B"^'^^' ^^'^^ "?a CorSS^^^ Antigen With Built-in 

M Parant. M- and Chedid.. L. "Antiviral Response Elicited By '^f ""^P'^'f^-^^^^^^ ^gio)). To prepare 

Ad uvanticity-. Proceedings of The National glgg^.^ ^fJoP ^blocLl San Dl'ego. 

^ conjugates 2 an-d3rrWquantities of each EDAC-a^^^^^^ J 

California) were linked to 10 mg of ^l^'^-'^'^^^J^^''^^^^ as'above and linked to 4 mg 

35 oxidized with ferricyanide (Dreesman ^'J^'^f^^^'^^'^l^^^ of the peptide to LPH (conjugate 9). 
^ of LPH. Chromatography on S^Phadex G-25 nd.cated com^^^^^^ ot ^ suspension of 

. --^ro"f p^^^^^^^ - ^^^^^^ 

of Giant Uposomes". Biochimica et B.ophys.ca ^g; 692^ 384-388 08^^^^ ^ ^3 and 1.43 

and cholesterol were dissolved in glucose-satura^^ tr/SncenSon of^^^^^ 

mg/ml. respectively. For some 'f ^^'"^Pr^P^;;"^^^^^^^^ as an additional 

■ to 17.5 mg/ml and sphingomyelm was against 0.1 M NaCHOa. pH 8.5. in 

component lipid A (420,g/ml: Calbiochenn). The sdutions were ^ hours. The liposomes were 

dialysis bags with a molecular weight f 30 mg/ml), mixed with 0.5 

treated for approximately six hours w* ^''^^'^^^'y^.J^^"^ ^ ^^^^ by cet^trifugation for ten 
volumes of 33.9% (w/w) sodium diatrizoate loaled four 'f.J.'Jg^"^^^^^^ Z gene product per 10 
minutes at 10.000 rpm. and reacted wHh 0.84 to 1 "^PIP^^J^^^"^^ '^^^IZ product to liposomes 
mg stearylamine overnight at 20 C. ^he 'mkmg of peptide 309-329 ^ ^ ^ 

under these conditions was complete. Some P^^P^;^;"^.^^^ c. The liposomes were 

=?ree^Tm2t;or^^^^^^^ ^^'^^-^ ^ 

trslead direOly <Mc»d EDAO-aM^ated 'f^'^^^';^ ^ .,Z,^a^ao-i,e«^ Iposomas 

!iirdaSS.^;srrojre;z.rfer^^^^^ 



45 



55 



30 



EP 0 448 126 A1 

^nolTJT 12^"^°'' hour at 20* C and 

"^'T '""^ °' additionally reacted with EDAC- 

activated RAT. The liposomes were finally dialyzed against TS-IO"* M oxidized glutathione 

In one preparation (22). stearic acid was used instead of stearylamine for the preparation of liposomes. 
^nZ r""' "t'^'f ''t'* ° "^"^^ <50 mg/ml for two hours plus adLnal 25 

SS^i ltT ^° ^' *^ NaCI and reacted with the peptide 

308-329 of the env gene product in 1 M NaHCOs.pH 8.5, overnight. 

A microspheres were prepared as described by Margel. S.. Zisblatt. S. and Rembaum. 

J- P^Vfl'^taraldehyde: A New Reagent For Coupling Proteins To Microspheres And For Ubelinq Cell- 

^^KvJf M^'^'T- " .^T'''^ '"'"""^ ''''^'^ '^^^"^ °f Non-Magnetic And Magnetic Pdygfutarl 
dehyde Microspheres". Journal of Imnnunological Methods . 28. 341-353 (1979). using Polysurf 10-36 B 
(Bartig Industries Inc.. New Canaan. Conn.. Margel g^SSriiH. (1983)). One mg of the peptide 309-329 of the 
env gene product was linked to approximately 50 mg of microspheres under conditions similar to those 
,s ^^T , 9 "*f'^"^^.^'y'^« treated liposomes. Conjugate 25 was prepared by treating the. microspheres 
rlon^H V "P™"" ^"'"^ ^ ovemight. After centrlfugation. the microspheres were 

suspended in dimethylformamide (2ml) and reacted with 2 mg EDAC plus 670 ug NHBTA for one hour at 
o. After centrlfugation. the microspheres were resuspended in 2 ml of 0.1 M NaHCOa oH 8 5 
containing 1 mg of peptide 309-329 of the env gene product. 

20 indic^Jt'ed^dsr'' ^"''^ """'^ °^ ^'^^ ^ 

r.J!^ ^^^^^ 309-329 of the env gene product (mol. weight = 2.664 daltons) containing five cysteine 
Sfv ?n ZJl^ predominantly monomeric form, since it was eluted after molecular exclusion chromatog- 
£L nJt ,hn»„w '^7/.^^^°"= ^ '■'"«"9 to diaminobutane and to other diamino-alkanJs 

.5 fnSeoSdfrd i„« hS "! IT'*'°^ °' ^^'^''^^^ "'"y'""^" ^'^^^ immunogenic and induced both 
T^^n^ i H Preparations (4). (5) and (7) also Induced anti-HBs. while polymers with 

thrSdfsoa 32^^^^^^^^ "V^^ '° '° not known' oxidation of 

inLn SffpM? f . T polymerization (data not shown). The polymer 

TKL» n^aJl''°T^'l '1'^^''^'' '^'3' °^ antl-S(135-155) but no anti-HBs. unlike S( 35-155) linked 
^ n^nt n" r '^'^"^^'^ ^ ^" ^3^2. supra). This finding again emphasizes the role of 

ST '""""'"3 *° ^'^ native p?5t5in. Unking of the oxidized peptide to highly 

hydrophobic poly-L-val.ne resulted in a conjugate (10),of low immunogenidty. 5(135-155) linked to poly-D- 

3rrnl'crH«r'^ ''"^•"^ «"^«^ "^^^ given wl houraSZnt 

Innl H ^ ««'-S(l35-155) and anti-HBs. The latter conjugate administered with Freund's adjuvant (2 

35 Sr!!r^i„rr^- 'T":.T"'''- ^^^^S-lSS) imked to glutaraldehyde treated liposomes containing 
^nZ^r JhTS Ju'",M °' ""''•"^^ comparable to those elicited by those elicited by 
™S^t, . H?' 5i!P^)- '"^rPoration of sphingomyelin and.or lipid A^ 

?^ DTriv, r^T H J° ^Il^^r*"^^ antigenicity of-hipFens inserted into liposomal membranes (Yasuda 
n„oT I' ? : % "'"""unogeniclty Of Uposomal Model Membranes in Mice: Dependence 

On Phospholipid Composition". Proceedings Of The National Academy Of Sciences. 74. 1234-1236 (1977)) 

40 Into the liposomes (conjugates iCWieTfaiiidltoeThiFiSi-iRB^^ ^^o 

oth P'^P^^^d """^'"S S(135-155) to glutaraldehyde-treated liposomes through an 

l^^^ ^"""l^ '^^^ "P«^*y to '"duce anti-HBs but a considerabte 

vanabiiity in response between individual rabbits was obsen/ed. consiaeraoie 

fiv JilSf^f !^ ''f^L® T subsequently linked to stearyl-amlne-containing liposomes (not 

SllTan' TTaf 1 s'f = Praparauons 20 and 21) or to stearic acid-containing liposomes ^22)° nduced low 
levels of anta-S-1 35-1 55 and no measurable anti-HBs. 

nrimtil^nS""'**'' "^"^^ ^ microspheres of polyglutaraWehyde (preparations 23 and 24) induced a 
pnmary ant-HBs response. However, the level of anti-HBs decreased in the course of immunization Anti- 

50 mfls^rStr? ""^'^ immunization. 8(135-155) linked to thesL 

60 microspheres through * -amrnos:aprolc add (25) and l-cysteine (26) bridges, respectively, either failed (25) 
or was marginally effident (26) in eliciting anti-HBs. h y. oimer laiiea {^^j 

S(135-155)-KLH or LPH conjugates elicited a primary anti-HBs response but the level of anti-HBs failed 

^eSS^'i,"^"^ '^J"' T (■^^"'^ ^ 1982 supra). With the conjugates 

descnbed above, generally, a decrease of anB-HBs levels was obsen/ed four ^Tiii weeks after orimarv 
55 immunization (Rg. SB), but exceptions were observed In a minority of rabbits (panri 5 rJ aAT^ 

The immunogenidty of haptens inserted into liposomal membranes depends on the phosphoflpld 
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Treatment of steary.amine-containing ''P°;°'7f, the rigidity of the Hpid 

s groups suitable for linking of synthetic P^Jf/^^^^,^^* ^UrTunction enhancing RAT sites (Alkan. S S 
membranes. Such liposomes, especally when contain ng wrne Response: The Capacity of 1- 

NHeckl. D.E. and Goodman. • "'^"^S^" g^^^^o^^^^^^ 1^ iS!ilI^^ 

Tryosine-Azobenrenearsonate To f '^..'^^ ^! g wLms. E.B.. Niteckl D.E. and Goodman. J.W 
immunology. 107. 353-358. (1971). and Alkan. f wni ams . Responses To Small 

,0 SiJrfecognition And the To mJl C^lxparimental Medicine. 135 1228-1246. 

= Mono- And BHuncUona. A^^^^^^ s^heSuTogiHifBFiiian^if^ ant.bod.es. 

^ (1972)). are a promising tool for prepanngmiiy y 



IS 
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TABLE 1 



Li=t Of cross-Unkers andcarrier^^ 

for the preparati QT' of xjji i_a 



20 _ , .»4 

(1) 



(2) 
(3) 



(7) 
(8) 
(9) 

40 (10) 
(11) 

45 (12) 

(13) 

so 



Poly-D-lysine (mol. weight 3-7 x 10 ) 
1 -H N-Acetylmuramyl-L-alanyl-D-isoglutamine (MDP) 

= 2 

(4) 1,4-aiaminobutane 
, 5 ) 1,6 -diaminohexane 

1,8-diaminooctane 
1 -lO-diaminodecane 
1 ^ 12-diaminododecane 
oxidized 8(135-155) linked to LPH 
oxidized 8(135-155) linked to poly-L-valine 

Liposomes containing steary lamine , and treated 
^ with glutaraldehyde 

11 = L-tyrosine-azobenzene-p-arsonate (RAT) 

11 + sphingomyelin (from bovine brain) 
(14) = 13 + BAT 

(15a) = 11 + Lipi<^ A 
ss 15a + BAT 



(15) 



55 
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(16) 



=13 + Lipid A 

(17) = 16 + RAT 

(18) =11 treated with ethylenediamine 

(19) =18 + RAT 



to 



(20) 
(21) 



IS 



- Liposomes containing stearylamine reacted 
with oxidized 8(135-155) (see 9) 

=20 except 8(135-155) was oxidized after 
„ attachment to liposomes 



20 



25 



(22) Stearic acid containing liposomes 

(23) . Polyglutaraldehyde micropheres 

(24) , = 23 + RAT 

(25) = 23 treated with'g-aminocaproic acid 

(26) . -f 23 treated with L-cysteine 



Example 8 



h«r«Lhn^ (12-32^^ (subtype adw^) was synthesized according to the procedure described 

^ZT^o^r^^^^Zf ''"^ T"'!' «"'^"' *° glutaraldehyde coss-Iinked liposomes 

?m If ° ^ P^°=®^"^« described above in Example 7) as well as the peptide linked to 

«ko HR«A "^«d *° ''"'^""'^^ rabbits. The corresponding antibodies recognized not only the peptide, but 

anti HBllr'' w*! i"''' °' "^"^ <««9nostlcs based on either the peptide itself (to detect 

ant gens ' °' "^"'""ized individuals), or on peptide antibodies to detect hepatitis B 



40 



Example 9 

hereLSf rn Si^pLT'"' ^"^^^^^'"^ *° ^^''^^"^^ ^^-^''^'^ 

Example 10 



45 



to . rLT ''^ '^""TT ""^^ P®"^**® P'^-^ <^^^-^3'»> P^^P^e'^ a-^cording to Example 9 and linked 
l^H P"^'^"'^ °' ^P'« S"^'^ immunization was conducted according to the 

rX ^in ^"^P'" ' '""^ '°""d P™'^"*^ ^^'^''d'^^ in the serum of Z 

ao ;fprir(rMra^d pr^^^^^^^^ ^^^^ ^-^^^^-^^"^ -^^^ ^^--^ ^« - 



Example 11 



55 



and ?2 aT^ th! T^I'T J ' *° ^^''^ P^P«*^^^ corresponding to residues 120-145 

D?e% MS-U^wrrn ? °' ^""^ °' ^"^^ (^""type adw,) was tested. Peptide 

R It '^^^'^ *° ^^""P'^ 2 ^"^ P^P*"*^ P^«-S (12-32) was prepared according to 

Example 8. Their sequences are: IVIQWNSTAFHQTLQDPRVRQLYLPAGG (oris /ipn-id^u 
MGTNLSVPNPLGFFPDHQLDP (pre-S (12-32)). For immunization^ypeptides w^re used fo^m 
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ImmunizMton »lth KLH cont,9«e« "1^^,^^^^^^. On other band, much 

radioimmunoassay), apparanti, '^'^^'^ ^'"^^^JZ^MMai. v*an , RAT-conlalning 

KpcS-Tos ar. tho carnar Of Choice for immunization wim ayniwo paw^ 



TO Example 12 



25 



30 



XO e.a.. .... ^^^^^^^^^ STSo 

which antibodies reacting with the fy"*«t'<= P^f f^t!^?^^^^^^^^ and approximately 

X 10« with tests utilizing '-l-labe^d P~2":J^,i"^J;'^,,°^^^^^ J/e RQ- H)- The antiserum- (adsorbed 
1/2.560 for peptides P-^^^ ^^'^^f > ^^^^^^^^^ with' synihetic peptide an^ogues of 

on HBsAg-Sepharose to remove antibodies to ^ P^°^^'^' °g, 35.^55^) ^ptide (222-239) of the env gene 
the S-protein. peptide (309-329) of the env gene P^^'^"^ j!,^^,^!. ^^^^^^ therefore, specific for 

produS (8(48-65)) and peptide (243-253) ^^^^^^"^^^^^^^^^^ a^^s^ra prepared against the 

KUru-e^p?dr:r^^^^^^ - — 

(see Fig. t1) and anti-pre-S(12.32) not ^own)^ STes (IgG and IgM) in sera of individuals who had 

phe "col acety^ransferase and a portion of pre-S P-^;",-';^^?^^^^ (S f Hilleman E.B. Buynak. W.J. 
on the other hand, hurnans vacanated -^^^P^P^;";^^^^^^^^^^^ lnterna«onal Symposium. W. 

35 Example 13 

Ouantitauve aspects of the 
exposed on HBV particles (or on HBsAg) f "'""fJ^P®^^^^^^^ HBV and HBsAg. respec- 

were conjugated to ^-galactosidase. and 'f ^^^^nfr^^'J^e^^^"^^^^^ peptide was studied. 

^ «vely. on the fonnation of j--"^,^^";^^^^^^^^ inhlbL completely the reaction 

Results shown in Rg. 12 indicate that at sunicieni c inhibitory activity 

between anti-pre-S(t 20-145) and preS(1 20- 45)-^^^actos^a^^^^^ 
corresponding to HBV. The inhibitory ^'^f^J.^J'^'T'T^^ 

corresponding to intact HBsAg. These '^.^""^J^^";^^^^^^ naL protein. Such antibody 

^ subpopulation of antibodies which ^'^^a""^^^^^!^^^^^^^ "sjr^ hetic peptide analogues of viral 

subpopuiations are observed m -^^V g,% jnhibUion of the reaction of pre- 

proteins. The concentr^on Pf "^y^/j appSaS I/iIkI of that for HBV on a weight 
S(120-145)-^-galactos.dase with ^*;P^«1^^^^^^^^^ Is approximately 3 kD and the 

basis (see Fig. 11). However, since the "^^^^f ^^"^ wiranti-pre-S(120-145) (representing a minor 

of the HBV envelope protein(s) are structuraliy closely related. 
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Example 14 

A peptide pre-S (94-117) (subtype adwa) was synthesized according to the procedure described 
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hereinabove in Example 2. 
Example 15 



A rabbit was immunized with the peptide pre-S (94-117) prepared according to Example 14 and linked 
to a earner according to the procedure of Example 7. Such immunization was conducted according to the 
procedure described hereinabove for Example 3 and was found to produce antibodies in the serum of the 
rabbit so mocu a^^^^ However, the antibody titers were substantially less than those observed for the use of 
pre-S (120-145) and pre-S (12-32). 



10 



15 



20 



25 



Example 16 

hereLZe?nK"'pfef ^""'"'^ *° "^^^^ ^-"'^^-^ 

Example 17 

A rabbit was immunized with the peptide pre-S (153-17n prepared according to Example 16 and linked 
to a carner^according to the procedure of Example 7. Such immunization was conducted according to the 
procedure described hereinabove for Example 3 and was found to produce antibodies in the serum of the 
rabbit so 'nnoculated However, the antibody titers were substantially less than those observed for the use 
of pre-S (120-145) and pre-S (12-32). 

Example 18 

A peptide pre-S (1-21) (subtype adwj) was synthesized according to the procedure described 
hereinabove in Example 2. » r 

Example 19 



30 



A rabbit was immunized with the peptide pre-S (1-21) prepared according to Example 18 and linked to 
a earner according to the procedure of Example 7. Such immunization was conducted according to the 
T '^^^'^f f ^ hereinabove for Example 3 and was found to produce antibodies in the serum of the 

OS of Dm f fTJ^S !nH ^Th^^^^^^ ^"'^ substantially less than those observed for the use 

35 OT pre-5 (120-145) and pre-S (12-32). 

Example 20 

^ heretaSve t Icam'piit"' '"^'^ ''"'''^'^^ ^^^"^'^'"^ '° "-^^"^-^ 

Example 21 



4B . c^J^^TJ h- "^TT ""^^ P^P"'^^ P'^-® P'^P^^^^ «^~^d'"9 to ^^-"P's 20 and linked to 

T Z^Jl *^ °^ ^^P'" ^- i'H'T.unization was conducted according to the 

procedure described hereinabove for Example 3 and was found to produce antibodies in the serum of the 

;fprrs72™^^ ''^'^ '^^^ ^'^ ^"--'^ - 

50 Example 22 

herefnZeini::m'ler'^ ^"'"^"^ ^'"^^ »° P~-^"- ^--''«<^ 

55 Example 23 

a Jj^Tr. " H- ""7""?^^ Peptide Pr^S (57-73) prepared according to Example 22 and linked to 

a earner according to the procedure of Example 7. Such immunization was conducted according to the 
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Of pre-S (120-145) and pra-S (12-32). 
5 Example 24 

Detection of £2* 

protein (anti-HBs) or to hepatits B core ^"^'g^" ^ffl"^^^^^^^ Variations of this pattern.of anti- 

mo antibodies. tt.o level of in some cases, antibodies recognizing 

pre-S development among patents ^'^'^ •^^PjJf/.BJAq was detected in plasma, or wiien HBsAg never . 
L synthetic peptides were present ^^^^^ .^^^J'^f^ and later anti-HBs. 

appeared in blood and the only marker for hepaM^ B was ant. ^^^^.^^^ by assaying 

■ Antibodies to pre-S(120.l45 -^'^ "^^^'Z ^^^^,^ to hepaSs B core antigen (anti-HBc) were 
.0 antibodies to pre-S(12-32). "fJ^S- ^,^0^^^,^"^^^^^^^^^ • 
assayed using '^^T ^^f .Sie^rmartS s ^o^^^^^^ infection inScates positivity at the termination of 
of bars corresponding to the "'^^^^I! ° of serum at which radioactivity counts correspond- 

surveilance. Antibody titers represent the h'ghest J "^^ o^^«J" ^ ^^^^ «ere S 2.1. 

' ing to the specimens divided by counts «=°"«^P°"/'"9 ^^"^"^ „ E.B.. McAleer. W.J.. McLean. 

.5 Humans vaccinated with P/f "-^'J^^^ ' 

A A Provost. P.J. & Tytell. A.A. in Wa^ Hepatitis. 1981 i niernaoon y h treatment , 

Aii;. H J. & Maynard. J.E.) 385-397 <FranWin .nstt^^^^^^^^^ p^,.S gene 

removes ail anti-pre-SO 20-1 45) reactive matenaO^o^^^^^^ ^ Hillemann. M.R. 

coded sequences (McAleer. W.J. Buvn^k. E.B Ma.getter aZ Wam^^^ recognizing either of the two 

Nature. (London). 307. 178-180 (1984); f .^^^ JJ^^^^^ a vaSlne consisting of, intact 

iTSthTtic-piptid-es. on the other hand J °ut of '"divKl^a^^ ^ ^^^^^^ ^ ^ 
HBsAg (McAuiiffe. V.J.. Purceil. R.H.. Germ J.L. & ^^^'l^ J^^ develope d these antibodies. These 

H.J. & liaynard. J.E.) "=7^,""^^^^^^^ by the AUSAB test 

7 individuals also had the highest antbod y response to ^« P ^ ^^e sensitivity limits 

(Abbott), suggesting that a lack of detecteble ^^J^^.^^^JJ^Xa^^^^ "sed.-the production of 
of the test, in this respect, it is of ^Port^"'^® ^^^^^ Sw efficLTin apparently healthy individuals, has 

which involves pepsin treatment o^l^^^^S' ^^^^^^ ^^^^^ C.E.. Alter. H.J., Taylor. 

Example 25 

^ or^^^r^ Containing HBV-specific proteins 

chromatography (Neurath. A.R.. Trepo. C. Chen. M-. Pnnce. a^.. j. 

Hg T4. -^.elsted antigens" were: HBV P^f ^^J"^" ^,*°^Um plasma (o.A): and the latter particles 
1); approximately 20 nm spherical particles of "^'^g iso ated fram p^^asrn ^ . 

Ua Jwith pepsin (1 mg/ml HBsAg. 50ug/ml P^P^ " ^B H . StrS. N. Science. 224. 392-395 
The RIA tests were perfomied as described in No"^«J' '^f;' ^^^1 in all ^FSpiFitiQ-HTtested as 

^984). The concentration of HBsAg S-protein was adjusted ^^Jjj//^/^^^^^^ l,^ tubular fomis of 
based on RIA tests (AUSRIA. Abbot "-abora tor^s ; HBV P^'^^°J^^^^^ ^ ,^^,3 gg.ooo rpm in a 
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n^rti^r^ T'l recognized much more efficiently than purified approximately 22 nm spherical 

.S^^r! ♦ IS . f r P°'y^^«"« beads coated with either anti-pre-S{l20-l45) or with rabbit 
antibodies to HBV parhcles^ Treatment of HBsAg with pepsin, a step used in preparing some current 
hepatitis B vaccines, resulted in an approximately KP-fold decrease in reactivity with anti-pre-S(120-145) 
HBsAg from vaccines derived either from infected plasma (Hllleman. M.R.. et al. 1982) supra) or produced 
in yeast McAleer et al (1984). supra), had S 1/5.000 of the reactivity of intact HBsAg in thi^Tests 

In reverse tests, beads coated with HBsAg. with HBV particles, with pepsin-treated HBsAg. or with 
HBsAg corresponding to the vaccines mentioned above were utilized. IgG antibodies (from different rabbit 

rir? f'^l^T^J"^^^ '^^'^"^ ^"^^"^^ "^^'^ ^^^^^ °" subsequent attachment of 

labeled anti-rabbit IgG. Positve results using anti-pre-S(120-145) were obtained only with beads coated with 
intact HBsAg or with HBV particles. Anti-pre-S(12-32) reacted exclusively with HBV-coated beads. 

Example 26 

Involvement of pre-S Gene Coded HBV Domains In Attachment to Cell Receptore 

It has been suggested that the 55 C-terminal amino acids of the pre-S protein mediate the attachment 
of HBsAg 0 human albumin polymerized by glutaraldehyde (pHSA) and that this attachment plays an 
.V- ^ 0^ to hepatocytes (IWachida. A. et al. Gastroenterolo gy. 86. 910- 

918. (1984): Machida. A. et al. Gastroenterology. 85. 268-274. (1983). Howev er, there is no co f^melling 
evidence to support the role of the pHSA-HBV intera-Sion in infection of liver cells by HBV. In addition both 
HBsAg containing or lacking these 55 amino acid residues react with pHSA (Rg. 15). albeit the. reaction is 
enhanced by ttie presence of the pre-S gene coded sequences. The RIA tests involved in Fig. 15 were 
conducted as descnbed in Neurath. A.R.. Strick. N. Intervirology . 1 1 . 128-132 (1 979) 

To explore directly the reaction of HBsAg with liver cells. anTssay system based on the attachment of 
liver cells to insolubilized HBsAg was developed. o mwuimeni or 

HBsAg (HBV^ was attached to N-N'-p-phenylenedimaleimide-derivatized sulfhydryl cellulose under 
condi ions described for linking of pre-S(120-145). as described above. About 4 mg of HBsAg was linked to 
Jf^I I cellulose denvatve. A control cellulose derivative was prepared by linking bovine serum albumin 
to the activated matnx. Forty mg of the cellulose derivative suspended in TS containing 10 mg/ml of bovine 
serum albumin (TS-BSA) were mixed with approximately 2 x 10^ washed Hep Q2 human hepatoma cells 
(see Aden. D.P.. Fogel. A.. Plotkin. S.. Damjanov. J.. Knowles. B.B.. Nature (London). 282 615-617 (1979) 
suspended in TS-BSA and incubated for 30 min at 37*0. followed bfTFS^ir-Wr^ HeU cells and Clone 
9 normal rat l.ver cells (American Type Culture Collection) were used as controls. The ceil-cellulose 
mixtures were layered on top of 1 ml of 33% (w/w) Hypaque and centrifuged for 2 minutes at 3.000 rpm 
The cellulose derivative with attached cells pelleted under these conditions. Unattached cells recovered 
from the Hypaque-TS-BSA interphase were diluted 5-fold in TS-BSA and pelleted by centrifugation. The 
relative proportion of adsorbed and unadsorbed cells was determined by measurement of lactate de- 
hydrogenase (LDH) activity in appropriate aliquots of cell lysates obtained after exposure to the detergent 
Tnton X-100 (5 mg/ml in HaO). LDH activity was detemiined using diagnostic kit No. 500 (Sigma) 

Approximately 80 to 95% of human hepatoma Hep G2 cells (Aden. D.P. supra) attached to Immobilized 
A^^yZT'^^^^n^^ attachment of conti-ol cells.(HeLa. rat hepatocytes) ^^n ttie range of 10 to 20%. 
About 10 /o of Hep Q2 cells attached to control cellulose, in the presence of anti-pre-S(120-145) and anti- 
pre-S(12-32) IgG (15 mg/ml). ttie adsorption of Hep G2 cells to HBsAg-celluiose decreased to 60 and 30% 
respectively. A mixture of both antibodies (7.5 mg/ml of IgG each) caused a decrease of cell adsorption to 
20%. indistinguishable from background levels. 

HB^Aorfe-LH^'ll^'^' l'r'' ^ *° '-""""nidation with pepsin-treated 

S alg^'^iSon rrA^^AB^ te^r"""' °' ''"""^ "^'^ '"^'"^ 

It will be appreciated that the instant specification and claims are set forth by way of illusfration and not 
hmrtahon and that various modrfications and changes may be made witiiout departing from ttie spirit and ' 
scope of the present invention. k ' 

Claims 

^" Ln^T.J!^' a peptide comprising a lipid vesicle stabilized by cross-linking and having covalentiy 
bonded active sites on the outer surface thereof to bind the peptide to the outer surface of tile carrier. 
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^ A ca^le, according » Calm w«e,e,n sa,d ac.« ^ ^ ^ - »" °' 

-COOH, -CHO, -NH2 and -SH. 

3. A career according to Cai. 2. w.e.in s.d .ipd ve^^^ c^^^^^^^^^^ — ^S'lH Ts 

4. A carrier according to claim 3. whereir, said poiyaldehyde is a bifunctional aldehyde. 
,0 5. A carrier according to claim 4. wherein said bisaldehyde is glutaraldohyde. 

6. A carrier according to claim 3. wherein said amino moiety is stearylamine. 

7 A carrier according to claim 5. wherein said amino moiety is stearylamine. 

8. A carrier accordir^g to claim 1. Wherein said lipid ves™^^^^ 
aior^s and said lipid vesicle is stabilized with a carbodum.de. 

9. A carrier according to claim 8. wherein s^d fatty acid is stearic acid and said carbodiimide is-N-ett,yl- 
20 N* (dimethyl-aminopropyl)-carbodiimide. 

10. A ca,*r aocorting » cla,.- .. Wherein said «p« va^lo certain, t«W said ..edahya.. 

„. Apap«.ll.*ad»aca,nerc^pn.n,^^^^ 

activated by cysteine. 

,2. A im^ » a cam,, acceding «. daln, ,1, .herein ^ -SH „Odp, a„ supplied b, cs«lne. 

" A pap,* linked « a c^ler cmpdslng a p«*d. havlns, .SH greup. and a carrier ccmpns^rg a .pid 

vesicle containing fatty acid mercaptan. - 

14. A pep«de linked to a carrier according .o claim 13. wherein said fatty acid mercaptan is oc- 
35 tadecanethiol. 

-i- ^laim 1*^ wherein said fatty acid mercaptan contains lipid 

15. A peptide linked to a carrier according to claim 13. wherein saia Tauy 

vesicle activated with a dimaleimide. 

««rr*inn tn claim 5 wherein said dimaleimide is N-N'- 
40 16. A peptide linked to acarrier according to claim 

phenylanedimaieimide. 

■ • ^ ^ o^^ntiHa activated bv a carbodiimide and a carrier comprising 

» iSlkane, amlrroalKene. dlamlnoalkene having 10 » 18 carbon au,ms. 

18. A pepUd. linked to a carder accoming 6. Claim ,7. wherein said ammo molev is srearylamlne. 

1^ A peptae linked te a carrier acceding to claim .7. wherein s.d c»bodllm«e Is N.eth,l.N.. 

50 (dimethylaminopropyl)-carbodiimide. 

. » r«»ntiHfl activated bv a carbodiimide and a carrier comprising 
'.'Sr^TJ^SZTSZXtZ',^^^ reac. w«b a wa.,-solnb. 

dlaminoalkane. 
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^^ Haim 20 wherein said carbodiimide is N-etliyl-N'- 
21. A peptide linked to a earner according to ^'^^"^^^^ and said diaminoalane Is 

(dimethylamlnopropyl)-carbodiimide. said poiyaldehyde is glutaraldehyde ana 



ethylenediamine 
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2Z A method of forming a carrier comprising contacting a lipid vesicle containing an amino moiety 
selected from the group consisting of aminoalkane. diaminoalkane. aminoalkene and diaminoalkene 
having 10 to 18 carbon atoms with a polyaldehyde. 

5 23. A method according to claim 22. wherein said amino moiety is stearylamine. 

24. A method according to claim 22. wherein said polyaldehyde is glutaraldehyde. 

25. A method of forming a carrier comprising contacting a lipid vesicle containing fatty acid having 12 to 18 
10 carbon atoms with a carbodiimide. ^ i-i to la 

26. A method of fomiing a earner according to claim 25, wherein said fatty acid is stearic acid and said 
carDoallmlde is 

N-ethyl-N'(dimethylaminopropyl)-carbodiimide. 

73 

27. A method of forming a carrier comprising contacting a lipid vesicle with a fatty acid aldehyde. 

28. A method of linking a peptide to a carrier comprising contacting a peptide having -SH groups with a 
carrier compnsing a lipid vesicle containing an amino moiety selected from the group consisting of 

20 ammoalkane. diaminoalkane. aminoalkene and diaminoalkene having 10 to 18 carbon atoms and 
contacting said lipid vesicle with a polyaldehyde and cysteine. 

29. A method of linking a peptide to a carrier comprising contacting a peptide having -SH groups with a 
earner comprising a lipid vesicle having fatty acid mercaptan. 

25 

^otedrct^edid"'*'"^ ^ ^^''"''^ *° ^ according to claim 29. wherein said fatty acid mercaptan is 

31. A method of linking a peptide to a carrier according to claim 30. wherein said fatty acid mercaptan 
30 containing lipid vesicle is contacted With a dimaleimide. 

32. A method according to claim 31 , wherein said dimaleiimide is N.N'-phenylanedimaleimide. 

35 ^ °! P^P«^^ *° ^ ""^'"^ comprising contacting a peptide, said peptide contacted with 

L^fT 'J ^ ^^'^ ^^'^^ <=°'"P"^"9 3" «PW vesicle containing an amino moiety 

selected from the group consisting of aminoalkane. diaminoalkane. aminoalkene and diaminoalkene 
having 10 to 18 carbon atoms. 

40 ^ 5-2h!;Mv?"!?1^ *° "^^'"^ "^^'^'^ ^^"^ ^'"^ '5 etearylamine and said carbodiimide is 
40 N-ethyl-N'(dimethylaminopropyl)-carbodiimide. 

35. A method of linking a peptide to a canrier comprising contacting a peptide activated by a carbodiimide 
and a earner comprising a lipid vesicle stabilized by a polyaldehyde and further reacted with a water- 
soluble diannnoaikane. 



45 



^' aliritS..^^^^ .1° ^ .^^"'^^ ^^<=°^d*"9 to Claim 35. wherein said polyaldehyde is 

glutaraldehyde and said diaminoalkane is ethylenediamine. 
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FIG. 3 
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FIG. 4A 
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FIG. 4B 
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FIG. 5 
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FIG. 8 
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